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INTRODUCKON 
Ruminants are unique in that th^ can maintain all bodily functions 
without a supply of dietary protein or amino acids. The protein needs 
for maintenance of the ruminant animal can be totally supplied by 
microbial protein synthesized in the rumen from nonprotein materials. 
Nitrogen metabolism is an excellent exan^le of the nutritional iiq)or-
tance to the host animal of the microbial population inhabiting the 
rumen. 
The nitrogenous materials entering the rumen lâxich are both pro­
tein and nonprotein in nature are subjected to microbial action and are 
partially degraded and utilized for synthesis of microbial proteins. 
These materials idiich eventually pass from the rumen are subjected to 
digestive processes in the abomasum and intestine and are made avail, 
able to the host animal. The nutritional value of any givai source of 
nitrogen in terms of supplying the protein requirement of the animal is 
related to the amino acids available from digestion in the abomasum and 
intestine. 
Because of the extensive degradation of ingested proteins by the 
microorganisms and the synthesis of microbial protein, all dietary 
nitrogen sources have been thought to have a relatively uniform nutri­
tional value in ruminant rations. However, it is now realized that the 
nature of the ingested nitrogenous materials is of iuçortance. There 
is a considerable variation in the rate and extent of degradation of 
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different proteins in rumen metabolism. 
Nutritive evaluation of various sources of nitrogen for ruminants 
has been conducted, for the most part, by measuring over all effects 
on metabolism such as growth or nitrogen balance. In such studies, it 
is difficult to determine if differences observed between sources of 
nitrogen are the result of the influence of the nitrogenous material 
on rumen metabolism or are due to a difference in amino acids supplied 
to the animal. 
The purpose of this study was to investigate the amino acia pat­
terns in rumen microorganisms, abomasal ingesta and plasma, and to 
compare the relationship of abcmasal amino acid patterns to plasma 
free amino acid patterns in sheep fed different sources of dietary 
nitrogen. Prdiminary studies ware also conducted to investigate the 
influences of different nitrogen sources on rumen fermentation. 
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REVIEW OF UTERATURE 
Degradation and ^nthesis of Nitrogenous Compounds within the Rumen 
Nitrogenous conçounds in rations fed to ruminants may undergo 
changes in the reticulo-rumen due to the activity of the rumen microbial 
population. The major dietary nitrogenous compounds may include pro­
teins, free amino acids, amides, urea, ammonia, nitrates and nucleic 
acids. Rumen contents have been found to be strongly proteolytic, 
iMle supernatant liquor was not proteolytic as reported by gym (1938). 
A portion of the ration proteins was shown to be degraded to ammonia 
in the rumen according to Pearson and Smith (1943a). 
Proteolytic activity was observed by Pearson and Smith (1943a) 
using a suspension of rumen bacteria and protozoa. Warner (1956b) 
demonstrated that the protein was hydrolyzed and the liberated amino 
acids were deaminated. Although it was suggested that both protozoa 
and bacteria in the rumen were proteolytic, at least half of the 
proteolytic activity appeared to be due to the bacteria. The research 
of Blackburn and Hobson (I960a) indicated that protozoa and large 
bacteria played the most active part in rumen proteolysis, while very 
little free proteinase could be demonstrated in rumen fluid. These 
authors stated that active proteolysis was not necesssrily connected 
with active growth of the bacteria and that proteolytic activity of 
ïAole rumen fluid varied and did not appear to be dependent on the diet 
of the sheep or on the time after feeding (ELackburn and Hobson, 1960a), 
It-
The proteolytic activity of idiole rumen fluid appeared to be enhanced 
under highly anaerobic conditions or by the addition of cysteine. 
Blackburn and Hobson (1960b) characterized many isolated rumen 
bacteria and observed that only a small proportion were actively pro­
teolytic. The proteolytic bacteria accounted for only about one per 
cent of the bacterial species isolated. Most of the bacteria isolated 
were facultative anaerobes, but it was felt that these organisms repre­
sented only a part of the proteolytic bacteria present in the rumen, 
as the strictly anaerobic rumen bacteria were not culturable. In a 
later study by Blackburn and Hobson (1962), it was shown that the pro­
teolytic activity of isolated rumen bacteria was a variable property 
possessed by many bacterial strains including both facultative and 
obligate anaerobes lAich can be active in the breakdown of other feed, 
stuff constituents such as carbohydrates. Working with bacterial 
isolates from the rumen contents of sheep, j^pleby (1955) cultured 
several proteolytic bacillus stains and lesser numbers of other pro­
teolytic bacteria. It was observed that the proteolytic bacteria idûch 
were cultured accounted for only a small portion of total rumen bacte­
ria. Of 271 bacterial strains isolated from rumen liquor, Bladen et 
al» (1961) found only 28 per cent acted upon protein to liberate am­
monia. More recently, Fulghum and Moore (1963) suggested that the 
proteolytic activiiy of ruminai ingesta can be largely accounted for 
by bacterial species vdiich are known to occur commonly in the rumen. 
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Ihey have counted proteolytic bacteria numbering at 1 x 10 per ml rumen 
fluid or 38 per cent of the total. According to Abou Akkada and Black, 
burn (1963)1 the proteolytic rumen bacteria did not contribute to more 
than ten per cent of the viable population in their media. Although 
some of the strains had exppqptidase and amidase activity, significant 
deaminase or urease activity was rare. 
Blackburn and Hobson (1960c) observed that oligotrich protozoa 
ingested stained particles of casein iMch gradually disappeared inside 
the organisms. lOUiams et al. (I960) reported that suspensions of 
Ophryoscolex caudatus, which were treated with penicillin-dihydrostrqp-
tcmycin to eliminate bacterial activity, rapidly degradated proteins 
including casein, cottonseed meal, soybean meal and linseed meal. In 
work with Entodinium caudatum, Abou Akkada and Howard (1962) observed 
that peptides and amino acids were the principal products of casein 
hydrolysis lAile ammonia was an end product of metabolism. Additional 
ammonia was shown to be formed by the hydrolysis of amide groups in the 
casein, but no deaminatlon of amino adds could be demonstrated. ïhe 
results of Kandatsu and Takahashi (1963a) indicated that egg albumin, 
gelatin, casein and proteins from soybeans, idieat bran, yellowcorn, 
yeast, rice, clover, orchardgrass and radish leaves were decon^osed 
wildi an increase in ammonia nitrogai. The protozoa were noted to digest 
casein with the production of amino acids and to produce ammonia nitro­
gen ràiich was assumed to be one of the end products of nitrogen metab­
olism. In another report, Kandatsu and Takahashi (1963b) concluded that 
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protozoa ingested the rumen bacteria as a source of protein and produced 
ammonia nitrogen as one of the end products of nitrogen metabolism, 
Gutiarrez and Davis (1959) also observed bacterial ingestion by rumen 
ciliates, 
A number of investigators have shown the degradation of a wide 
variety of proteins (Annison et , 195^» Chalmers et al., 1954; 
Chalmers and Qynge, 195^; McDonald, 195^5 Annison, 1956; Gray and 
Pilgrim, 1956; Warner, 1956a, b; McDonald and Hall, 1957). little 
(i960) and Chalmers and Marshall (1964) associated the increases in 
the solubility of nitrogen sources with the increases in ammonia 
production in rumen fluid. The results of studies by McDonald (1954) 
and McDonald and Hall (1957) suggested that only 40 per cent of zein, 
an insolulâe nitrogen source, was degraded but over 90 per cent of 
casein was degraded. Henderichx and Martin (196I) have shown that lAen 
the solubility of zein was altered, increased degradation paralleled 
increased solubility. Little (I960), Sherrod and oilman (1962) and 
Targari et al. (1962) have shown that heating spybean protein decreases 
solubility and ruminai degradation. Heating was also found to reduce 
the amount of soluble nitrogen in groundnut meal and herring meal 
(Preston et 1963; Whitelaw and Preston, 1963; Chalmers ^  al., 
1964) and casein (Chalmers et , 1954; Blackburn and Hobson, 1960a). 
In addition to proteins, many nitrogenous confounds are normally 
degraded or reduced in the rumen to ammonia. Warner (1964) reported 
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that microorganisms frcm rumen fluid rapidly broke down amides such as 
asparaglne, glutamine» nicotinamide and formanide with the production 
of ammonia, but these organisms only slowly attacked acetamide and 
propionamide idiich are not known to occur in natural feedstuffs. 
Jurtshuk et al. (1958) reported that nucleic acids were rapidly degraded 
to ammonia. Ammonia may be produced by the hydrolysis of urea (Pearswi 
and Smith, 1943b; Gibbon and Doetsch, 1959; Carroll, 1962) and by the 
reduction of nitrates (Sapiro et al., 1949; Lewis, 1951; Holtenius, 
1957). 
The extent of degradation of nitrogenous constituents in the rumen 
has been evaluated by Weller eb (1958)* Utilizing the presence of 
diaminopimelic acid in rumen bacteria and its absence from plants and 
rumen protozoa, these investigators estimated that only 11 to 2? per 
cent of the total nitrogen present after feeding was plant nitrogen, 
lAile 63 to 82 per cent was microbial nitrogen and five to ten per cent 
was soluble nitrogen. Less than a third of the microbial nitrogen 
appeared to come from protozoa. Later Weller ^  (1962) presented 
evidence showing that the protein vbiGh passed through the omasum was 
larg^y microbial protein, even during periods after feeding #en the 
rumen contained a large amount of plant protein. 
Gray et (1958) determined the relationship of the dietary 
nitrogen level consumed by sheep to the quantity of nitrogen which 
reached the abomasum and duodenum. With a veiy low nitrogen level of 
0.7 per cent, the total quantity of nitrogen which reached the abomasum 
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exceeded the amount fed, bat as the nitrogen lev^ increased to 2.9, 
less nitrogen reached the abonasum than was fed. The results of 
Kameoka and Mopimoto (1959)9 Hogaa and îMlllpson (1960)» McSLHiard 
(1961)» Qrok (1962)» Harris and FhilUpson (1962), Kameoka and Horiaoto 
(1962) and Ridges and Singleton (19^2) confirmed these observations. 
It is assumed that when the amount of nltrogai passing throa^ the 
abomasum is less than the amount of nitrogen consumed, the nitrogen 
not reaching the abonasum is accounted for by the ammonia nitrogen 
absorbed from the retlculo-rumen and omasum. The ammonia absorbed 
from the rumen was reflected in the increased ammonia concentration of 
blood draining the rumen according to McDonald (1948), Bouckaert and 
Oyaert (1952), and Houpt (1959). Ammonia in pwtal blood was reported 
by Lewis eb |1. (1957) to be direcUy related to rumen ammonia levels. 
Hogan (1961) presented evidence showing that the absorptim of ammonia 
Arom the sheep rumen decreased with decreasing pH. Gartner (1963) 
reported that at pH 5*0 to 6.0 the permeability of the rumen wall to 
ammonia was only two-thirds of that observed at pH 6.9 to 7.9. Hogan 
(1961) and Gartner and Engelhardt (196^^) showed that at a neutral pH 
the absorption was found to be directly d^endent on the concentration 
of NH^ in the rumen. At neutral pH, Hogan noted an Increased rate of 
ammonia absorption with increased absorption of volatile fatty adds. 
However, the transport of ammonia did not appear to be affected by 
changes in the concentration of sodium, potassium, chloride, carbon 
dloBlde, lactate or water movement into and out of the rumen. Gartner 
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(1963) could not demonstrate an antidiuretic hormone effect on the 
permeability of the rumen to ammonia Wien physiological amounts of the 
hormone were used, 
When more nitrogen is passed through the abomasum than the amount 
originally consumed in the ration, the increase in nitrogen may be 
accounted for as recycled nitrogen* Perhaps a major portion of the 
recycled nitrogen through the nmen comes in with the saliva and 
throu^ the rumen wall. McDonald (1948) estimated the amount of saliva 
urea nitrogen entering the rumen to be ggpproodmately 0*5 gram per day. 
Somers (1957) observed a total salivary nitrogen secretion of approx­
imately 0.7 to 0.9 gram per day of urea nitrogen. Later, Soners (1961 a, 
b, c, d) published a series of papers dealing with factors influencing 
the secretion of nitrogen in sheep saliva. The total amount of sallvaiy 
nitrogen Increased with increased levels of blood urea. It was noted 
that lAen sheep receiving a high nitrogen ration were Intravenously 
injected with urea most of the injected urea was excreted in the urine. 
However, she^ on a low nitrogen ration did not excrete the injected 
urea. 8ohnldt.Nld.sen (1957) made similar observations with camels. 
It was suggested that the retained urea was cwverted into microbial 
protein in the rumen, and that only part of the urea qrcled to the 
rumen was accounted for in the salivary nitrogen. In «cperiments with 
sheep and goats, Houpt (1959) observed that saline placed in the rumen 
accumulated ammonia lAlch represented a hydrolytlc product of urea. 
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Of the accumulated ammonia, only six per cent was Aran saliva and the 
remainder was assumed to be transferred from the blood through the 
rumen wall. Simonnet et al, (1957)* and Ash and Dobson (19^3) reported 
a significant influx of urea to the rumen Wiich was converted into 
ammonia in the presence of urease aotivUgr. Unlike the reports of 
Soners (1961 a, b« c, d) on the amount of saliva nitrogen. Hill et ri» 
(1962) speculated that the rumen wall may actively tran^ort urea Arcm 
the blood into the rumen a mechanism independent of the blood urea 
level. It was observed that an increase in blood urea from 12 to 24 
milligram per cent had no effect on rumen ammonia. Oie permeabili*^ of 
the rumen wall to anmonia was hi^er during oliguria and decreased 
during polyuria. The hi^ diffusion rate of ammonia through the wall 
seemed to coincide with a low urea entzy rate from KLood into the rumen. 
Contrary evidence was reported by Juhasz (19^3) on the observation that 
the amount of urea difftised into a rumen pouch was dg)endent on the 
blood urea level. 
The rumen ammonia level is the result of the rate of assimilation 
by the microorganisms, of the rate of production fir on dietary nitrogen 
sources, of the rate of endogenous nitrogen influx to the rumen and of 
ammonia absorption from the rumen. Christiansen (1963), Abou AMcada 
(1964) and Luther (1964) have observed that sheqp with protozoa exhibit 
hitler rumen ammonia levris than sheep without ciliate protozoa, ibou 
^ada noted the difference between she^ with protozoa and those with­
out protozoa increased after feeding. Hi^er rumen ammonia levris have 
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also been observed tdth ^  vitro studies in which the combination of 
rumen oiliate-protozoal and rumen bacterial fermentations has been 
coDçared vith bacterial fermentations (Luther, 1964). Pure cultures of 
rumen protozoa appear to require more ccqplex nitrogenous coi^ounds 
than ammonia (Williams et , 1961; Abou Akkada and Howards, 1962; 
Gutierrez and Davis, 1962; Rahman et al., 196'f; Mah, 1964). Abou Akkada 
and Howard (1962), and Kandatsu and Takahashi (1963a) suggested that 
rumen protozoa produce ammonia as a metabolic end product. The work of 
Kottle (1956) and Eadie and Hobs on (1962) shows that rumen ciliate 
protozoa depress rumen bacterial numbers. 
In summarizing research r^orting rumen ammonia levels, Annison 
and Lewis (1959) noted levels ranging from five to over 100 mg per 100 
ml. The rumen ammonia appears to be highly d^endent on dietary factors 
such as source of nitrogen, solubility of nitrogen in the rumen fluid, 
lev^ of nitrogen in the ration, time after feeding and source of 
energy (Lewis, 1961). Some of the highest levels of ammonia have been 
observed in the rumens of animals on hi^ protein pasture (Johns, 1955) 
and on high roughage-high nitrogen rations (Annison ^  al., 1954) lAile 
a large proportion of starch in the ration has been observed to be 
associated with relatively low rumen ammonia levels (McDonald, 1952, 
1954; Annison et al., 1954; Reis and Reid, 1959; Phillipson et al., 
1962; Preston et , 1963; Chalmers and Marshall, 1964). In some 
cases starch may induce a rise in ammonia level as shown by Tagari et 
al. (1964). Recently, Hill and Mangan (1964) reported that with 
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procedures utilizing distillation fr<m basic solution the apparent 
ammonia level in rumen fluid contains both actual amonia and methyla-
mine. GLucose accaLwated the use of amonia, and casein increased the 
production of ammonia, but these substrates did not greatly affect the 
methylamine level. It was noted that methylamine was only a small 
portion of hi^ egqparent ammonia levds lAile methylamine may account 
for 50 per cent of a low apparent amaonia level such as with hi^ starch 
or low nitrogen rations. 
The influence of starch on increasing ruminai synthesis of protein 
was demonstrated by Cyaert and Bouchaert (i960), and Kay and Fhillipscn 
(1964) in 63q)eriments measuring the material passing through the abo. 
masum of sheep, using a marker dilution tedtnique, Qsrck (I963) was 
^e to show an increased amount of protein passing through the aboma> 
sum of sheep after the addition of stardk to a ration containing urea* 
A number of other investigators have noted that available energy in the 
rumen increases protein synthesis by rumen microorganisms (Wegner et 
^«, 1940; Mills eb 1942, 1944; Pearson and Snith, 1943b; S&dth 
and Baker, 1944; Henderidix, 19^0; Kameoka, 1962; Hoover et , 1963). 
Ihe level of free amino acids in rumen fluid has been observed to 
be in the range from 0.5 to 10 mg per 100 oO. rumen fluid (Lewis, 1955> 
Annison, 1956; BLaizot and Raynard, 1957; Cook et al., 1961; Orth and 
Kaufisann, 196I; Tagari et ^ ., 1964). The low amino acid level in rumen 
fluid may be a fUncticai of rapid amino acid turnover and deaminase 
activity (Blackburn, 1964). Annison (1956) and Hoshino and Sir ose 
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(1963» observed after feeding casein that the level of free amino 
acids in the rumw increased. Annison also found that the free amino 
acids in rumen fluid decreased idien a carbohydrate ration was fed to 
she^. However, Tagari et ^  (1964) and Orth and Kaufinann (1961) 
found that concentrations of free amino acids in rumen fluid were 
highw with hi^ stardi rations than with low starch or c^ulose 
rations* 
Annison (1956) demonstrated that much of the rumen free amino 
acid concentration was associated dos^ to the microbial cells. 
This would explain the hi^ concentration of Aree amino acids obtained 
upon dialysis of rumen contents in caoQ>arison with the concentration 
in rumen fluid following the removal of cells and particulate matter 
by centrifUgation. 
Seventeen amino adds were observed free in bovine rumen fluid, 
according to HLaizot and Raynard (1957). The abundant amino adds 24 
hours after feeding legume included glutamic add, alanine, serine, 
^cine, leucine and valine in order from the most to the least abun­
dant. Tagari et (1964) noted that alanine, a^artic add, serine, 
g^dne, proline, ^ utamic add and valine were the most abundant in 
the rumen fluid of sheep fed maize with or without starch* Alanine 
sppeared to be particularly hi^i shortly after feeding hi^ starch 
rations. Ndther Tagari et al. (1964), Annison (1956), HLaizot and 
Raymond (1957) nor Cook et al. (1961) r^orted an abundance of aromatic 
amino adds in rumen fluid# 
14 
The low levds of rumen fluid free amino acids may be the reason 
amino acid absorption from the rumen accounts for a very minor portion 
of the total amount absorbed frcn the gastro-intestinal tract, as sug­
gested by Annison (1956). This investigator found that large amounts 
of amino acids administered into the rumen did not result in increased 
portal blood amino acid levels. The first experiments of smith (1959) 
tended to agree with the experiments by Annison, althou^ later experi­
ments with increased amino acid concentrations showed that amino acids 
mi^t be absorbed £rm the rumen. Cook et (1961) were able to 
detect increased amino acid levels in the blood of the ruminai vein 
idien a solution containing ten different acidic and neutral amino adds 
was administered to the rumen of a steer. Column chromatogrsphy of 
ruminai venous blood showed that the concentration of serine, threœine, 
leucine, isoleucine and glycine increased. These researchers suggested 
that there was a con^etitian betwew amino acids for the absorption 
mechanism in the rumen as there is in the intestinal tissue of other 
^ecies. On the other hand, Tsuda (1956) was unable to show amino acid 
absorption from a rumen pouch. 
It appears that most of the amino acids synthesized in the rumen 
are incorporated into microbial proteins i&ich are digested and absorbed 
posterior to the rumen. Bryant (1961) pointed out that mary rumen 
bacteria utilize only ammonia as a source of nitrogen for growth. He 
showed that the only amino acid required for the growth of a significant 
number of organisms was methionine. However, many rumen microorganisms 
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may have the abUdty to synthesize sulfUr containing amino acids frcm 
inorganic sulfor (Block and Stekdl, 1950; ELock et ai., 1951: Baery et 
al.* 1957&» b; Landis, 1963). Braggemann et jl. (1962) noted that a 
change from feeding soybean meal to feeding urea increased the sulfate 
reducing anaerobic bacteria. The studies of Landis (19^3) demonstrated 
that orally administered labeled methionine-sulfur was incorporated 
into the proteins of rumen contents mainly in the form of bound 
methionine, lAile the label of cystine-sulfUr or sulfate tended to be 
in the protein bound cystine. !Ihe work suggests that dietary methionine 
may be to a significant degree incorporated directly into microbial 
proteins, but dietary qystine may be degraded largdiy prior to the 
synthesis of cystine bound in microbial proteins. Ellis et (1959) 
reported lower methioidne and tryptophan levels in rumen contents after 
feeding urea or gelatin proteins iMdi lack these two amino adds, in 
comparison to the levels in rumen contents after feeding soybean protein 
or fibrin. The influence of the dietary nitrogen source m the micro* 
bial amino adds is also evidenced in the work of Duncan et (1953)» 
These investigators observed hi^er phenylalanine, and possibly histi-
dine, levds in the rumen contents of a steer fed a natural ration as 
coopared to steers fed a purified ration containing urea. In more 
recent studies on the amino add comg)osition of rumen ingesta, 
Richardson and Tsien (19^3) reported that steers fed rations supple­
mented with soybean meal had a greater portion of phenylalanine, 
tyrosine and tryptophan in rumen ingesta than steers fed rations 
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supplemented with urea. The total quantity of amino acids was greater 
in the rumen ingesta of steers fed soybean meal. 
Host of the ruminai bacteria require only ammonia as a nitrogen 
source according to Bryant and Robinson (1962). Of the 89 isolated 
strains of ruminai bacteria, only seven per cent required factors in 
casein hydrolysate. Later, Bryant and Robinson (1963) suggested that 
a significant proportion of the rumen bacterial population prefers to 
synthesize much of its cellular constituents from ammonia nitrogen and 
carbon sources other than amino acids. Using medium containing pre­
formed amino acids, Abou Akkada and Blackburn (1963) r^orted that most 
rumen bacterial strains preferentially utilized in i^thesizing 
cellular constituents. (2L11 and King (1958) observed a ruminai bacteria 
strain that would survive on ammonia, but preferred amino acids. Mm 
thou^ most of the media used in culturing rumi nai bacteria contain 
cysteine, it is not dear lAether cysteine is essential for the growth 
of organisms entirely on account of its reducing properties or whether 
cysteine itsdf is an essential growth factor (phillipson et al., 1962). 
These workers found no indication of obligatory amino add requirements 
other than for cysteine. 
In general, the nitrogenous compounds required by ruminai protozoa 
may be more con^leoc than the conqpounds required by ruminai bacteria. 
Williams et (1961) working with Ophryoscdeac caudatus and Gutierrez 
ani Davis (1962) working with Epidinium ecaadatum found that EL-alanine, 
IL-leucine and DL-valine were incorporated into the organism. Studies 
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by Coleman (1964) indicated that ^ cine was incorporated directly into 
cellular protein. Abou Akkada and Howard (1962) stated that preformed 
PQ)tides and amino acids serve as starting materials for protein 
synthesis by Entodinium caudatum. These workers as well as Kandatsu 
and Takahashi (1963a) observed the accumulation of ammonia in the medium 
containing rumen protozoa. The latter authors concluded that protozoa 
ingested the rumen bacteria as a source of protein and produced ammonia 
nitrogen as one of the end products of nitrogen metabolism. 
Allison et al. (1962a) have shown that the cdJ.ulolytic rumen 
bacterium Ruminococcus flavefaciens requires either isovalerate or 
isobutyrate for the synthesis of the microbial leucine. Isobutyrate, 
2-methyl-n-butyrate, or 2-keto-isovalerate were shown by Allison et 
(1962b) to be required for growth of a strain of Ruminococcus albus. 
The branched chain volatile fatty acids may also stimulate cellulose 
breakdown by suspension of mixed rumen microorganisms ^  vitro (Bentley 
et al., 1955; Dehority et ^ . » 1958)* In experiments with cattle, 
Hungate and Qrer (1956) did not observe a req)onse from feeding four-
and five-carbon branched and straight chain volatile fatty acids. 
According to Hemsley and Moir (1963)» the addition of these fatty acids 
to sheqp urea-roughage rations did not influence dry matter or cotton 
thread digestion, but the additions significantly increased the micro­
bial protein concentration and the intake of hay. dine et ( 1964) 
dmonstrated a response in dry matter and cellulose digestibility of 
semipurified rations containing urea tdaen the ration was supplemented 
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with two per cent of a mixture of Isobutyrie add» valeric add and 
Isovaleric add. It was also observed that the addition of the acid 
mixture Increased the nitrogen retention and significantly Increased 
apparent nitrogen digestibility. After supplementing a mixture of the 
branched chain volatile fatly adds to a hay ration containing urea, 
Kay and Rillllpson (1964-) measured an increase in the total nitrogen 
passing from the rumen through the abcmasum of sheep. No Increase was 
observed with the addition of a similar amount of a mixture containing 
acetate, propionate and butyrate. %e longer and branched chain volatile 
fatty adds may be required for maximum rumen fermentation and protein 
synthesis. VSiether these volatile fatty adds Inùuence the amino add 
composition of rumen microorganisms has not been determined. 
The amino add conqpositlon of rumen microorganisms has been rq)ort-
ed ky a number of Investigators (Loosll et ^ ., 1949; Holmes et , 
1953» W^er, 1957; Pinart al,, 1963; Kandatsu, 1963; Fauconneau, 1964; 
ibdo et al., 1964; Holler and Harmeyer, 1964). Only one report, 
Kandatsu ( 1963), gives Information on the amino add composition of 
a pure culture of rumen bacteria. Howevw, Holler and Harmeyer (1964), 
in addition to Kandatsu, have studied the amino add composition of 
both rumen protozoa defined according to spedes and rumen bacteria. 
In comparing Entodinlum, Ophryoscolex. Da^trlcha, and Isotrlcha Holler 
and Harmeyer (1964) observed that lysine, hlstldlne, methionine, 
cysteine, aspartic add, glutamic add and proline conposltion of 
protozoal protdn varied over a range of $0 to 100 per cent. The 
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greatest differences occurred between protozoa species in comparing the 
Isotricha with two oLigotrich species, Entodiniu» and Qphrsroscoleoc» 
Although Weller (1957)» fina et al. (1963) and Fauconneau (1964^) did 
not define their preparations according to protozoa q)eoies, a consider­
able variation was observed in the amino acid comg)08ition of pr^ara-
tions frm ruminants fed various rations. The same reports also showed 
much less variation in cong)aring the amino acid conçosition of rumen 
bacteria from animals fed various rations. 
After culturing Escherichia c<J.i under different conditions, Suedca 
(1961a) observed no significant differences in relative amino acid 
cca^osition upon changing the cheadcal compositim of the medium, the 
tenperature of incubation, or the phase of growth at the time of har­
vesting the cells. In another paper Sueoka (I96lb) r^orted that the 
guanine-qrtosine content of USA, in various bacterial strains was cor-
r^ated positively with alanine, arginine, glycine» aM proline, and 
negatively with isoleudne, lysine, a^artic acid, glutamic acid, 
tyrosine and phenylalanine. 
The results of studies by Reed et al. (1949) indicated that rumen 
bacterial methionine increased while the qrstine content did not change 
when samples from lambs fed "green" feed were caq)ared with the sangles 
from lambs fed "dry" feed. Weller (1957) studied the amino add com­
position of rumen microorganisms in the rumm fluid from sheep fed four 
different rations. It was observed that the hydrolysates of ruminai 
bacteria had a remarkably uniform amino acid composition. The quantity 
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and quality of rumen microbial protein as influenced by ground hay and 
gelatinized grain was studied by M^er et (1964), While grinding 
of the hay and geLatinization of the grain increased the concentration 
of bacterial and protozoal amino acid nitrogen and decreased the rumen 
ammonia concentration, no 2Ç)parent effect was noted with respect to the 
amino acid con^osition of bacterial and protozoal material. 
Rumen protozoal protein has been found to have more lysine* iso-
leucine and ^utamic acid, and less methionine, threonine and alanine 
than rumen bacterial protein (Weller, 1957; fina et al., 1963» Holler 
and Harmeyer, 1964). The cysteine content of rumen protozoa is generally 
greater than that of rumen bacteria (Weller, 1957; Fauconneau, 19Ô4; 
Holler and Harmeyer, 1964), but total sulfur amino acids in rumen 
bacteria are consistently higher than in rumen protozoa* Meyer ^  
(1964) also rq)orted consistent differences in amino acid caig)osition 
between rumen protozoa and bacteria. Perhaps an area too often over­
looked in comparing the value the nitrogenous materials in rumen micro­
organisms is the non-amino acid nitrogen content and the total nitrogen 
content. Holler and Harmeyer (1964) rqiorted that cpproximately 35 
per cent of the nitrogen in Entodinium pr^arations was ammonia nitrogen 
Ttole pr^arations of Isotricha contained less than 15 per cent ammonia 
nitrogen. The total nitrogen content ranged frm 3*8 per cent, with 
one of the two holotrich pr^arations, to 9*4 per cent. The total 
nitrogen content of a protozoa preparation containing mostly holotrichs 
as analyzed by Oxford (1951)# was observed to be from 1.1 to 1.6 per 
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cent nitrogen, and a preparation containing both holotrichs and oligo-
trichs contained 3*5 per cent nitrogen. While, as McNaught et 
i^95^) observed, these differences may be due to a variation in protozoa 
carbohydrate storage, it is possible that there are differences in total 
nitrogen content between rumen protozoa genera and between rumen bac­
teria and rumen protozoa* Rumen bacteria appear to have a uniform 
total nitrogen content between seven and nine per cent (Johnson et al., 
1944; Reed ^  al,, 1949; McNaught et ri., 1954; Abdoetjl., 1964), 
Another non. amino acid nitrogen fraction of microorganisms deserving 
consideration is nucleic acids lAich contain approximately 17 per cent 
nitrogen. According to Belozer^ (194?) and Soaea et ri. (1962) 
nucleic acids account for ten to JO per cent of the bacteriri dxy 
weight. 
The nutritive vriue of rumen microbiri proteins has been investi­
gated by Usuelli and Piorini (1938), Jdmson ri. (1944), Reed et ri. 
(1949), McNau^t et ri. (1950# 1954) and Abdo et ri. (1964). The early 
investigators recognized that the nutritive vriue of microbiri protein 
was hi^. In eaqperinents with c»i]y four chicks per treatment Usuelli 
and FLomi (1938) observed that corn rations supplemented with rumen 
protozoa were associated with more rapid growth than those supplemented 
with rumen bacteria. Using only three rats per treatment, Johnson et 
ri. (1944) found that rumen microbiri nitrogen was from 80 to 85 per 
cent digestiW-e and had a biriogicri vriue of 67 per cent. In these 
experiments, rumen protozoa were con^ared with rumen bacteria as to 
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digestibility and to biological value. The protozoa were not signifi­
cantly different in these a^ects than bacteria, although protozoa were 
four per cent more digestible and two per cwt hi^er in biological 
value» HcNaught et (195^) observed that rumen protozoa were more 
digestible and had a sli^tly higher biological value than rumen 
bacteria. 
Heed eb (1949) found that the digestibility of rumen bacteria 
tqr rats was similar to sanqples of bacteria from sheep fed either "green" 
feed w "diy" feed, but the bacteria were much lover in digestibility 
in coB^arison to casein. These authors stated that rumen bacterial 
protein must be regarded as low in digestibility, relatively high In 
biological value, and mildly deficient in methionine. 
The proteins passing îrm the rumen to the abomasum, which include 
microbial and ration proteins, are digested and absorbed in a manner 
similar to that in the nonrumlnant animal. Ihe extent of protein 
digestion posterior to the abomasum has been demonstrated in a number 
of studies with duodenal re-entrant cannulae (Hogan and Hiillipson, 
196O; McGllliard, 1961; Harris and Hiillipson, 1962; and Ridges and 
Singleton, 1962). The conversion of dietary protein to microbial 
nitrogenous substances has been shown to reduce the parent digest­
ibility of casein (Chalmers et aL., 1954; and Rels and Schlnchèl, 1961, 
1964-). These authors found that casein was almost coaqplet^ digested 
and absorbed nAen it was administered directly Into the abomasum of 
sheq), while when the casein was administered to the rumen some was 
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lost by rminal absorption of ammonia, and the portion synthesized into 
microbial substance was ^ proodnat^ 20 per cent less digestible than 
casein. Reis and Schinchel (1964) noted that the digestibility of 
gelatin administered into the abonason was similar to the digestibiliigr 
of casein. 
In studies involving the young nonruminating calf, HLaxter and 
Wood (1950) observed that the rdative digestibility and biological 
value of casein or gratin were similar for either the rat or the calf. 
This demonstrated the d^endence of the nonruminating calf on the 
qualily of ration protein. 
The need of ruminant tissues for the essential amino adds has 
been demonstrated by indirect methods. In work with lactating animals, 
Black et ri. (1952, 1957) intravenously injected cows and Downes (196lb) 
iZt 
intravenously injected a ewe with C -acetate. Those amino acids in 
the milk casein with significant amounts of C were considered to be 
gynthesized and nonessential. HLadc and his associates found that 
^tttamic acid and aspartio acid were labeled the most strongly, lAile 
alanine, serine, ^ cine, proline, and arginine contained decreasing 
amounts of C . lysine, histidine, leucine, methionine, phenylalanine, 
tyrosine and valine did not contain significant amounts of the label 
and were considered to be essential amino acids for metabolism within 
cattle. With sheep in the studies of Donnes, results showed that the 
highly labeled amino adds in milk casdn takm from the udder one to 
14 three hours after intravenous injection of C -acetate were glutamic 
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add, aspartlc add, proline, alanine, arginine, serine and ^ eine. 
14 Those amino adds lAich did not contain C were isoleucine, leucine, 
lysine, methionine, phenylalanine, threonine, tryptophan, valine, 
histidine and tyrosine. These are the amino adds listed as essential 
for the rat, dog and, except for histidine, man. He also observed a 
relatively rapid and sharp peak in the spedfic activity of milk and 
wool proteins a few minutes after injection. On the basis of this 
observation it was suggested that the plasma proteins are not inter-
14 
mediate in the ^ thesis of milk casein and wool keratin. Using C -
sodium carbonate. Holler et (1964) reported that the labeling of 
14 
casein in goat milk takes place hy C incorporation into the non­
essential amino adds during the first d^t hoars after intravmous 
injection. 
Workers Srm. Finland have studied the synthesis of protein in the 
rumen using ammonium salt labeled with (Land and %rtanen, 1959). 
It was observed that 17 to 25 per cent of the ammonium nitrogen was 
incorporated into the milk protdns. Fourtem hours after feeding 
K^^-aomonium sulfate, the label vas found in the amide N of ^ utamic 
add and a^artic add of milk; however, after 24 hours considerable 
labeling of most of the amino acids had occurred# Histidine was the 
only amino add found to have a low content and the authors stated 
that "this may be attributed to incapability of the rumen bacteria to 
synthesize the imidazole ring." 
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Influence of Diet on Blood Free Amino Adds 
Amino adds entering the circulation 1^ absorption from the 
intestine are transported by the blood to the tissues lAere they are 
in equilibrium with cdLlular amino adds. Some amino acids, such as 
cystdne and tryptophan, are loosely associated with proteins and cells 
in the blood. However, most of the amino adds are carried in the 
blood largely as free amino adds rather than as bound or assodated 
amino adds. This is siqpported in the case of she^ by the sharp rise 
and rapid usage of labeled amino adds for the synthesis of milk and 
wool protein as shown by Downe (19^1 a, b, c) in studies on fate of 
labeled amino adds. The blood amino add level is dependent on the 
rate of amino add annabdlism and catabolism* The change in levels of 
blood plasma free amino adds following the ingestion of protein and 
amino adds by monogastric animals was reported as early as 1906 by 
Howell and substantiated by Seth and Luck (1925)# The rise in blood 
amino adds was particularly evident in the portal vein. Dent and 
Schilling (1949) noted after feeding that the portal plasma free amino 
add levds were higher than the jugular levels, althou^ both sources 
of plasma contained increased amino add concentrations after feeding. 
Denton and Elvehje* (1954) also reported that the ingestion of a meal 
resulted in a more marked rise in amino acids in the portal vein than 
in the radial vdn. The results of esq>eriments by Ganapathy and Nasset 
( 1962) indicate that the total blood amino add level after feeding may 
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increase or decrease depending on the fasting level of amino acids. 
The decrease in the plasma amino acid level was speculated to be due 
to the usage of amine acids for the Qmthesis of the proteins involved 
in the digestive processes* If increases occurred in plasma amino acids, 
they were the greatest in mesenteric and portisl plasma. The investi­
gations reported to this point have involved dogs fed animal proteins 
after approodmately one day of fasting. In similar eaqieriments with 
dogs fed zein, Basset ^  (1963) observed that plasma amino acid 
concentrations increased above fasting values particularly in the 
mesenteric plasma draining the jejunum. Following of ingestion protein 
increased amino acid levels in gystemic or portal blood plasma were 
veiy slight. Although the diet fed was very low in lysine and trypto­
phan, molar ratios of these amino acids were not depressed from, the 
fasting ratios in the jejunum or in the plasma. It should be noted 
that there was a single zein feeding and that an amino acid deficiency 
would not have developed. 
Studies with young pigs at various hours shortly after feeding 
show that no consistent differences existed in the quantity or proportion 
of plasma amino acids ^ en the portal and anterior vena cava blood 
plasma amino acid levels were compared (Puchal, 1962). In more detailed 
studies, dark (1963) r^orted that the portal blood of ycwng pigs 
contained a quantitatively greater concentration of amino acids than 
the anterior vena cava blood, but still no differences in amino acid 
patterns were apparent. In comparing rations containing dried skim 
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milk or soybean meal, the portal plasma amino acid concentration 
increased sooner after feeding rations containing dried skimilk 
protein. This was attributed to the rate of protein digestion. 
Wheeler and Morgan (1958) made similar observations in studies with 
rats. Goldberg and Guggenheim (1962) reported much higher amino acid 
levels in the portal blood of rats fed casein as compared to those fed 
lactalbumin* again suggesting more rapid digestion and absorption of 
amino adds from casein. These authors state that the relationship 
between portal blood concentrations and availability is neither direct 
nor simple. Peraino and Haxper (1963) also conducted studies to 
detemine whether differences in the digestibility of proteins would 
be reflected in the concentrations of plasma free amino adds. Rats 
fed casein showed a substantial increase in the concentration of Aree 
amino adds in the portal plasma and a lesser increase in gystemic 
plasma, Wiile the zein feeding had little effect on the concentration 
of free amino adds in the portal and systemic plasma. When hydro-
lysates of these protdns were fed, increases in plasma free amino add 
concentration were observed with both proteins. Ihe authors concluded 
that the amino adds in casein are mare available for absorption than 
those of zein, but considering individual amino adds the response to 
the ingestion of a protein or its faydrolysate is complex and d^ends 
on mazy factors in addition to the digestibility of the protein. 
Ihe influence of ingestion of various individual amino adds on 
their respective level in the plasma of dogs was studied by Hier (1947). 
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The ingestion of either leucine* isdLeucine, threonine or valine 
resulted in an increase in the respective amino acids in the plasma* 
The other individual amino acids in the plasma decreased in some cases, 
but increases or no change were also observed in certain situations 
idien a specific amine acid was ingested. SiMlar observations were 
made on human plasma amino acid patterns vhea individual amino adds 
were administered during the studies of Steele and LëBovit (1951). 
The relationship between plasma amino adds and composition of 
the ingested protein has been studied in nonruminants such as the chick, 
rat, dog, pig and human. Charkey (1953» 1954) observed in 
studies with the chick that the plasma amino add patterns were cor­
related with the amino add patterns in the dietary protein. In studies 
with rats, Guggenheim ^  (I960) have investigated the relationship 
between dietary amino add patterns and plasma amino add patterns. 
It was observed that the concentration of various amino adds increased 
in amounts apparently related to the amino add composition of the 
protein bdng fed* However, overheating of proteins was reported to 
reduce plasma amino adds, and various carbohydrates taken with the 
protein influenced amino add levels in the plasma. Mclaughlan (1963) 
confirmed this observation showing an influence of non amino add sub-
stances on the plasma amino adds. In studies with two protdns coxv. 
taining similar amounts of methionine and lysine, Goldberg and Guggenheim 
(1962) reported hi^er plasma methionine and lysine in rats fed one of 
the proteins. This woit showed that the amino add composition of 
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dietary proteins was not the only factor affecting plasma amino acids. 
Puchal et (1962) noted that plasma amino acid levels in the 
young pig vere related to the amino acid composition of the dietary 
protein. Exceptions to this included some of the nonessential amino 
acids, such as Reiner ^utamic acid and aspartic add. Seme of the 
amino acids, such as histidine and threonine, appeared to be rather 
uniform regardless of the nature of the protein fed. While with other 
amino acids such as phenylalanine and methionine, the plasma concentra-
tion seemed to be detendned more by the nature of the specific dietary 
protein than the actual amount present in the protdLn. Puchal (1962) 
found that the supplementation of a limiting amino acid to the diet 
resulted in an increase in the plama level of the supplemented amino 
acid. In further studies with pigs dark (1963) confirmed this obser­
vation, and as Puchal (1962) had suggested, showed that the correction 
of any one amino acid deficiency may result in a drop in the plasma 
level of the next limiting amino acid. More recently, Uindels et al. 
(1964) reported that the source of protein fed to pigs affected plasma 
levels of isdeadLne, leucine, lysine, methionine, threonine, tryptophan 
and valine. 
The influence of nitrogen sources on plasma amino acid patterns 
has not been studied in the ruminant animal, except for the studies of 
Theurer (1962). In these investigations, lambs fed rations containing 
com gluten meal had lower plasma lysine levels than lambs fed either 
urea or soybean meal as the major source of nitrogen. Ihe plasma lysine 
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level» as well as the phenylalanine plus lyrosine level, were similar 
in lambs fed soybean meal or urea. 
Alnquist (195^) pointed out that a dietary deficiency of an amino 
acid results in a particularly low level of the amino add in blood 
plasma. This point has been confirmed with deficiencies of lysine in 
chicks (Richardson et , 1953: Hill ^  1961; Owings and Balloun* 
1961), rats (McLaughlan et 196I), dogs (Denton and Elvehjem, 1954; 
Longenecker and Hause» 1959) and humans (Longenecker and Hause, 1961; 
McLaughlan, 1963). Similar observations have been made with deficiencies 
of methimiine in rats (Wagle et , 19^2) and pigs (Puchal et # 
1962; dark, 1963), with deficiencies of tryptophan in chicks (Hill et 
al., 1961) and dogs (Longenecker and Hause» 1959) and with deficiencies 
of histidine in rats (Sanabuja and Harper» 1963)* The amino add 
defidendes were developed in these studies over a period of a few 
weeks. A sin^e feeding of a ration limiting in one amino add has 
not been shown to depress the plasma levd of the limiting amino add 
according to the studies of Guggenheim et (I960), Longenecker and 
Hause (1961), Morrison et (1961), McLaughlan et (1961) and 
Nasset et al. (1963). Several feedings of a protdn source appear to 
be necessary if the plasma free amino adds are to reflect dietary 
amino add patterns induding amino add deficiendes. 
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Effects of Dietary tQ-trogen on Non-nitrogenous 
Materials nithin the Bumen 
The influence a nitrogen source has on the performance of ruminants 
could be by effects either within the rumen m the microorganisms or 
within the metabolism of the animal tissue. In the rumen, the most 
important role of a nitrogai source is to st^iply ammonia for microbial 
processes such as protein synthesis and in gaieral the maintenance of 
the microbial cell pq)ulation. A nitrogen scurce in the form of protein 
may also supply carbon skeletons, amino acids and sulfur for protein 
synthesis. Protein sources may also supply energy. 
One of the important functions carried on in the rumen is the 
degradation of ration carbohydrates, dhis function is particularly 
important because the microbial population enables the animal to utilise 
the rouage portion of the ration lAich would not otherwise be digest­
ed. Cbray (19^7) estimated that 70 per cent of the cellulose digestion 
occurred in the runen, but more recently Ridges and Singleton (19^2) 
observed that over 90 per cent of the digestible crude fiber disappears 
in the rumen* Kameoka and Morimoto (1959) also observed that almost 
all of the fiber digestion was in the rumen. 
Increased digestibility of cellulose has been observed with the 
addition of protein or urea nitrogen as to low nitrogen rations (Harris 
and )Q.tcheLl, 19^1: Burroughs et jl., 1949). Using the rate of dilution 
of a marker in abonasal contents to estimate abonasal flow, IQrck (19^3) 
estimated an increased dlal^earance of crude fiber in the rumen lAai 
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urea nitrogen was siQ>plemented to high fiber rations. Moir and Harris 
(1962) have shown that sheep receiving supplemental casein digested 
more cotton thread cellulose than sheep without supplemental casein. 
The increased cotton thread cellulose digestion was shown to be cor­
related significantly with changes in bacterial concentration. Using 
lambs fed hi^ urea rations, Smith et al. (19ô0) noted that the organic 
matter or crude fiber digestion did not improve over the initial ten 
days lAen the lanb trial was continued for another 40 days. Snith and 
his associates observed that the ration level of crude fiber from 20 
to 26 pw cent ijtq)roved the digestibility of crude fiber by epproxi. 
mat^ ten percentage units. However, increasing the per cent of the 
total nitrogen supplied as urea îrm 5^ to 68 per cent had no signifi­
cant effect upon the digestibility of organic matter and had a signifi­
cant depressing effect on the digestibility of crude fiber. They also 
observed that increasing the total nitrogen content of the ration îrm 
1.5 to 2.0 per cent significantly decreased the digestibility of organic 
matter and crude fiber. Ellis and Pfander (1958) found maximum digest­
ibility of cellulose, organic matter and nitrogen-Aree-extract with 
sheqp fed similar rations containing 2.05 per cent nitrogen in compar­
ison to digestibility coefficients associated with rations containing 
either I.65 per cent or 2.45 per cent nitrogen. In trials with steers 
fed low quality rou^iage, Ralei^ and Wallace (1963) reported higjker 
c^ulose, dzy matter and organic matter digestibility with nitrogen 
levels of either 1.44 or 1.92 per cent nitrogen in comparison to the 
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lower levels of nitrogen. Burroughs ek (1950) have observed that 
the nitrogen level required for maximum crude fiber digestion may also 
be increased by the addition of starch to roulage rations. 
Belasco (1954a) observed that urea stimulated cellulose digestion 
in artificial rumen studies. With the ^  vitro system used, cellulose 
digestion increased rapidly until the nitrogœ levels reached approxi­
mate two per cent of the dry matter, vMle cellulose digestion was 
not depressed until nitrogen levels exceeded six per cent of the dxy 
matter. Preston and Pfander (19^1) studied cellulose, starch and 
nitrogen levels for maximum cellulose digestion by rumen organisms in 
vitro. Maximum cellulose digestion occurred tdien the dry matter in 
the medium was approximately 3*5 per cmt urea, 3*5 per cent starch 
and 90 per cent solka floe with the remaining three per cœt fïron the 
various mineral salts. Preston (1961) reported that the rumen organisms 
require 2.0 to 2*5 per cent nitrogen in the dxy matter for maximum 
cellulose digestion ^  vitro. Belasco (1954a) pointed out that the 
production of ammonia may be an important factor in the efficient 
digestion of fibrous material. His ^  vitro studies demcmstrated that 
urea is more effective than protein meals, including soybean, linseed, 
cottonseed and com gluten meals, in promoting cellulose digestion l?y 
rumen microorganisms. The investigations of Little et jl. (1963) 
indicated that ceUulose digestion in the artificial rumen is related 
to the amount of soluble nitrogen. Com ^ uten meal and heated soybean 
meal were found to be proteins of low solubility idiich did not promote 
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good cellulose digestion in comparison to similar amounts of soybean 
meal, linseed meal or casein. The addition of urea to the com gluten 
meal in ^  vitro fermentations increased cellulose digestion. The 
addition of urea to semipurified rations containing com ^ uten meal 
resulted in improved lamb performance. These semipurified rations 
contained approximately 40 per cent roulage. Theurer (1962) confirmed 
this observation on animal performance and showed in animal digestion 
trials that the urea additions also stimulated cellulose digestion in 
vivo. Both Iheurer (1962) and Little (I960) demonstrated that lambs 
fed semipurified rations containing soybean meal digested more cellulose 
than lambs fed the rations containing corn gluten meal. The semipurified 
rations containing soybean meal were associated -with st^erior lamb 
performance. Chalupa et al. (1963) studied the ruminai microbial 
activity and/or numbers. He showed ^  vivo by changes in redox poten­
tial and cellulolytic activity, and ^  vitro by cellulose digestion rate-
studies that the urea as a source of nitrogen was more stimulatory than 
corn gluten meal. However, in trials with steers fed low quality 
roughage Raleigh and Wallace (1963) reported that use of urea and/or 
cottonseed meal did not effect the digestibility of c^ulose, dry 
matter or organic matter. 
The work of Trenlde (1958) has shown that some of the amino adds, 
^ch are constituents of proteins, can influence ^  vitro cellulose 
digestion. Of 21 amino acids tested, each at several concentrations, 
only alanine, proline and methionine improved cellulose digestion* 
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Bentloy ^  al. (195^) noted that valine and proline stimulated ^  vitro 
cdJLulolytic activi'^t while Dehoriiy et ^ . ( 1957) found a stimulated 
^ vitro céllulolytie activiiy with valine» proline, isbleueine and 
leucine* Ae branched and longer chained volatile fatty adds from 
these amino acids may be the factors stimulating ^  vitro ceUulolytic 
activilgr (Bentley et » 1955» Dehority et , 1958; Allison et al,, 
1962a, b). HemslcQr and Hoir (19^3) reported that these fat^ acids 
did not influence dry matter or cotton thread digestion in sheqp, bat 
dine et al. (1964) observed an increased dry matter and cellulose 
digestibility with the addition of isobutyric acid, valeric acid and 
isovaleric acid to rations containing more concaitrates. 
Whw cellulose and other non-nitrogenous substances are degradated 
Iqr rumen microorganisms, the end products of digestion may vary depend­
ing on the level and source of nitrogen in the fermentation. Belasco 
(1954b) has shown in artificial rumen studies that more propionic acid 
was produced in fermentations with urea as the nitrogen source while 
more butyric acid and valeric add were produced in fermentations with 
protein as the nitrogen source, including sources such as soybean meal# 
linseed meal, cottonseed meal and com gluten meal. Gsshits'kii et 
(1961) found that additions of urea to cattle rations enhanced the 
rumen cellulose fermentation process with the production of more 
propionic acid and less butyric add. Stewart and Schnltz (1958) 
reported that with several common dairy feeds urea consistently increas­
ed volatile fatly add production in vitro regardless of the feed sub-
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strates used althou^ only slight increases were noted ^  vivo. 
The 0@mp08iti0n and metabolic activities of the rumen flora were 
investigated by Bruggeoann et ^ . ( 1962) using steers fed either soy. 
bean meal or urea feed supplement. The urea supplement was associated 
with increased ccxmts of total, viable» amyloLybic# cellulolytic and 
sulfate reducing bacteria, lAile the numbers of the cysteine-desulfhy-
drating bacteria remained constant and numbers of the proteolytic 
organisms decreased. Although the branched chain four- and live-carbon 
volatile fatty adds decreased >di6n urea feeding was compared to soy. 
bean meal feeding, the ratios of the other volatile fatty acids remained 
«QMPy^xximately cmstant and the level of volatile fatty acids increased. 
Using sheep, Watanabe and Kotoyoshi (1963) demonstrated that i6en the 
ration protein was reduced from ten per cent, ammonia production, 
volatile fatty add production and gas production were reduced. The 
results of studies by Uatsumoto and Takahashi (1959) indicated the 
larger the crude protein content of rations containing 7.6 to 12.6 per 
cent crude protein, the higher the ratio of carbon dioxide to methane 
became following feeding. In another study, Matsumoto and Suzuki (1959) 
observed that the injection of urea into the rumen increased methane 
production and volatile fat^ add concentraticms. 
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INVESTIGATIONS 
Amino Acid Composition of Rumen Microorganisms 
Experimental procedure 
Effect of dietary nitrogen oa rumen fermentation products and m 
rumen bacterial amino acids Six wether lambs with an average initial 
weight of $6 pounds were placed in individual pens for the eo^eriment. 
The lambs were randomly allotted to three treatments. The soybean 
meal (SBM)» corn ^ uten meal (COM) and urea rations shown in Table 1 
were fed at a 300 gram level per eight hour intervals. The ash, organic 
matter and nitrogen composition of the rations is given in Table 2. 
After five days, the animals were observed to consume the ration within 
1.5 hours. Twelve days after the beginning of the experiment ruminai 
sa]q>ling with a suction strainer (Raun and Burroughs, 1962) was begun 
and repeated on the next two days. Two samples were taken each day, 
immediately before feeding and four hours after feeding. 
Starting sixteen days after the beginning of the eaqperiment, two 
lambs were slaughtered on each of three consecutive days. On each day, 
the lambs receiving the same treatment were slau^tered approximately 
three hours after feeding. The lambs were placed on their back and 
were bled to death through the jugular vein. The esophagus was then 
ligated. The rumen was removed throng a sagital section after ligating 
the omasal-abomasal oriface and the contents of each rumen were emptied 
into individual buckets. !Rie rumen ingesta were then mixed. One 100 
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Table 1. Ingredient composition of semipurified rations 
Nitrogen source* 
SBM COM Urea 
Ingredient T T "T 
Corn cobs^ 19.0 19.0 19.0 
Cellulose® 19.0 19.0 19.0 
Sucrose 5.25 5.25 5.25 
Water 1.75 1.75 1.75 
com oil . 3.0 3.0 3.0 
Mineral mixture 5.3 5.3 5.3 
Vitamin mixture® 1.0 1.0 1.0 
Corn dextrose 13.5 13.0 21.12 
Corn starch 14.2 13.7 21.82 
Sqybean meal 18.0 
Corn gluten meal 19.0 
1.76 Urea 
^otal nitrogen content of rations analysis was spproodjoately 
1.41 per cent for SBM, 1.51 per cent for CCM, 1*35 per cent for urea. 
^Ground through a 1/8 inch screen. 
^Solka-fLoc» purified wood cellulose. 99 per cent alpha cdlulose. 
^Added to supply in the total ration the following per cent 
composition : 0.32, Nad; 0.59, K2HPO4; 0.39, KCOL; 0.25, CaHP04*2H20; 
0.38, H|^i^*7H20: 0.78, CaS0i4.*2H20; O.O6, GaOO^: O.O3, FeSOi^*7H20; and 
trace minerals in ppm as follows: 148, KI: 59, ZuS0ji|.*H20; 57» CoSO/^* 
7H2O; 51. CoSOz^'THgO; 264, MiS04»H20. 
®Added to supply in the total ration in ppm: 0.6, thiamine'HO.; 
1.0, riboflavin; 5*0, niacin: 0.6, pyridoxine; 5*0, calcium panto­
thenate; 0.06, biotin; 0.25, folic acid; 0.6, menadine; 0.001, qrano 
coboltamine; 10.0, inositol; 10.0, para-aminobenzoic acid; 100.0 
choline chloride; and the following -vitamins in I. U. per kilogram: 
2200, vitamin A; 275, vitamin D; 22, vitamin E. 
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Table 2. Dry matter, ash and nitrogen composition of rations 
Nitrogen source 
Component Alf-corn Urea Urea + Cfflt CGH SBM 
Dry matter 89.17 
* 
92.42 93.05 93.84 93.36 
Ash^ 5*66 4.76 5.48 5.44 5.78 
Organic matter 95.24 94.52 94.56 94.22 
Nitrogen® 2.07 1.46 1.54 1.61 1.51 
Values expressed on a dry matter basis* 
ml sample of whole rumen contents was withdrawn and preserved by 2,5 ml 
concentrated hydrochloric acid. Another 20 ml sample of rumen fluid 
was withdrawn throu^ a strainer (Baun and Birrou^s, 1962) and pre­
served by one ml of five per cent mercuric chloride. The rumen fluid 
sample was prepared as described in the appendix for volatile fatty 
acids analysis. The fluid from the remaining ingesta was strained 
throu^ four layers of cheesecloth and (2*5 to three liters) was sub­
jected to centrifugation at 1000 rpa for three minutes in a Servall 
(Model G) centrifuge. The supernatant was passed throu^ a sharpies 
(type T-41-24, Bï8) centrifuge at 25*000 rpm and a How rate of 100 ml 
per minute. A 50 ml aliquot of the supernatant fluid was deproteinized 
by the addition of 250 ml of one per cent (w/v) picric acid solution. 
The bacteria separated in the sharpies centrifuge were suspended in a 
carbon dioxide saturated 39° C saline and homogenized in a Waring 
HLendor. The suspension was again passed through the sharpless centri­
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fuge. The saline washed bacteria were then dried at 55^ C in a farced 
air oven. 
The rumen ingesta pulp remaining after removing the fluid was inu 
mediately suspended in three liters of carbon dioxide saturated 39° c 
phosphate buffer solution (1*059 gram dibasic sodium phosphate and 0.436 
gram monobasic potassium phosphate per liter). The suspension was 
strained through four layers of cheesecloth and the fluid was subjected 
to both low speed and hi^ speed centrifugation as described above. 
The bacteria were separated with the high speed centrifagation in the 
sharpies centrifuge from the phosphate buffer, and were then dried at 
55° C in a forced air oven. 
The dried bacteria obtained Aran the rumen fluid and the rumen 
ingesta pulp, were analyzed for total nitrogen by the kjtldaUL method. 
The Wiole rumen ingesta frcm the two sheep on the urea treatment were 
also analyzed for the total nitrogen* The ash content and amino add 
composition were analyzed according to the procedure described in the 
appendix. The lAdle rumen contents from the sheqp fed SBH or CCM were 
analyzed only for total nitrogen and dry matter. 
Amino acid composition of rumen protozoa Five différait sangles 
of rumen ciliate protozoa were separated from rumen fluid lAiich was 
obtained from she^ and cattle. The samples of protozoa were separated 
and washed in three different ways. Two samples, one containing largely 
Isotricha and one containing mixed rumen protozoa, were separated from 
the rumen fluid of a fistulated steer fed a hay and grain ration. Two 
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liters of nuien fluid were collected through a rumen fistula into an 
insulated container. fluid was then transferred to separatory 
fonn^s and enough glucose was added to give a 0.5 per cent (w/v) 
solution* The funnels were Incubated for one hour at 39° C. The 
protozoa were withdrawn fircm the bottom into one liter of energy-
deficient medium containing antibiotic (Qoinn, 1962, medium 4) which 
was incubated at 39° C and bubbled with carbon dioocide. After four 
hours, the protozoa were allowed to settle to the bottom and withdrawn 
into one liter of fresh medium. Enoa^ energy was added to give a 0.5 
per cent (w/v) starch and 0.2 per cent (w/v) glucose content. After 
incubation for 16 hours at 39° with slow bubbling of carbon dioocide, 
the protozoa were allowed to settle. ]he protozoa were then suspended 
in one liter of a 39° C carbon dlcodLde saturated 0.8 per cent sodium 
chloride» The protozoa were then washed again in a similar manner and 
withdrawn into 150 ml of the sodium chloride solution. The suspension 
was then frozen at -20° C. Ihe proportion of the different genera in 
the final suspensions is given in Table 3* 
The sample containing Isotricha was separated in a way similar to 
the method given above with the following exceptions. After the 16 
hours incubation, the protozoa were suspended in the energy deficient 
medium for 24 hours. The suspension was then washed as above and the 
protozoa were withdrawn into the tq) of a 150 x 2.5 cm column filled 
with 0.8 per cent sodium chloride. Approximately 25 per cent of the 
protozoa were allowed to settle to the bottom of the tube and withdrawn. 
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Table 3* Proportion'^ of the different eiliate protozoa genera 
Sample^ 
Order Genera Iso-I 180-2 ttlx Ent Ent-Epi 









Oligotrichs Entodinium 2 100 95 
EPidinium 5 
Diplodinium 1 
Percentages are in relation to the total count, 
^Iso, Isotricha; Ent, Entodiniim; Epi, Epidiniun. 
This sample containing Isotricha (lso-1) was frozen at -20° C. 
Mother saoçle of Isotricha «as obtained from rumen fluid taken 
from a sheep maintained on a diet cceposed of ^ ^proximately equal 
amounts of ground hay and corn. Approximately 200 ml of rumen fluid 
were withdrawn from a sheep by stomach tube (Raun and Burroughs, 1962) 
into an insulated container. After transferring the fluid to separatory 
funnels, glucose was added to give a 0.25 per cœt (w/v) concentration# 
The fluid was then incubated at 39° C. One and a half hours later» the 
settled protozoa were withdrawn into 400 ml of the 39° C carbon dioxide 
saturated energy deficient medium. Following an incubation period of 
24 hours the Isotricha were separated as described above excqpt that 
the column was filled with a 39^ C carbon dioxide saturated solution 
of 0.5 per cent sodium chloride, 0.5 per cait sodium bicarbonate, 0.1 
per cent monobasic potassium phosphate, 0.01 per cent calcium chloride 
and 0.01 per cent magnesium sulfate. ïhe sazgle of Isotricha (lso-2) 
vas frozen at -20° C. 
Two sangles of oligotrich ciliates, Isrg^ Entodinium, were 
obtained îrcm different sheep fed an all corn ration containing only 
20 per cent roughage in the form of finely ground cobs. !Rie protozoa 
were separated îrm rumen fluid as described above; eocc^t that approx­
imately two hours more time vas allowed for settling. Following the 
s^aration, the protozoa were withdrawn into 400 ml of the 39° C carbon 
dioxide saturated energy deficient medium. In apprcodmately two hours, 
the organisms were withdrawn and washed twice in two 400 ml quantities 
of 0.8 per cent sodium chloride solution. The protozoa were separated 
from the suspension by 500 rpm caitrification in a Servall (type SS-1 ) 
centrifuge. The sang)les of oligotrich ciliates were suspended in 50 
ml of 0.8 per cent saline solution and frozen at -20° c. ïhe proportion 
of the various protozoan genera is given in TaKle 3* 
Reailts and discussion 
Effect of dietary nitrogen rumen fermentation products and «a 
rumen bacterial amino adds The concentration of rumen fluid free 
amino acids (RIFAA) is given in Table 4. These data show that a hi^ 
dietary concentration of a given amino acid did not necessarily result 
in high concentration of the respective amino acid in the rumen fluid* 
Sheep fed the urea rations containing a very low concentration of amino 
acids had the hi^est concentration RFFAA at 37 mg per liter while 
Table 4. RFFAA concentrations in lambs fed rations with different 
sources of nitrogen 
Semipurified diet^ 
Amino acid Urea cm SBM Alf-corn 
mg/1 mg/1 mg/1 mg/1 
Isoleucine 0.8660.35 0.43*0.20 0.49*0.00 0.24 
Leucine 1.3510.84 0.58±D.02 0.51*0.26 0.21 
Valine 1.3630.58 0.37^ 0.88 0.46 
Threonine I.17IO.73 0.8210.09 1.18*0.30 0.88 
Methionine 0.40i0.01 0.87*0.13 0.84*0.23 0.12 
Gystine 1.0730.38 0.92 1.39*0.26 0.19 
Phenylalanine 1.95*0.06 0.52 0.50*0.19 0.39 
tyrosine 0.93*0.13 0.74 1.02*0.33 0.20 
lysine 1.1li0.27 1.67 1.35 1.01 
^stidine I.OliD.62 0.71 0.43 0.59 
Arginlne 0.63° 0.46 trace 0.27 
Aspartic acid 1.26±0.81 2.92*0.44 0.64*0.11 1.81 
Serine 1.81±1.15 1.02*0.09 1.10*0.07 0.86 
(xLutamic add 5.59*3.04 0.94*0.63 1.25*0.28 0.66 
Proline 0.86i0.86 0.27 0.64 0.70 
GOycine 2.87*1.27 0.6640.13 1.15*0.02 0.51 
Alanine I3.l8i4.i3 1.00*0.14 2.11*0.29 0.79 
Total 37c 4 14.9 15.5 9.0 
^Values are the average two determinations trm different lambs 
where average deviations are given; other values are fvcm. pooled samples 
Arom the same two lambs. 
^Pooled sangles from five lambs. 
°One lamb only. 
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sheq) fed rations containing either CGM, SEN or alfalfa hay and com 
had concentrations of RFFAA of less than half this level. The estrem^ 
low levd of amino adds observed in the rumen, has been also observed 
by other authors. Annison (1956), and Blaizot and Raynard (1957) 
r^orted a total concentration of RFFAA idiich ranged îrm five to 100 
mg per liter. 
The method of rumen fluid preparation used in these enqperiments 
is generally associated with low concentrations of RFFAA. !Qiis method 
involved rumen fluid centrifugation and deproteinization. Annison 
(1956) also reported a similar amino add level with rumen fluid lAich 
had been prepared for analysis by centrifugation and deproteinization. 
However, both Annison (195^) and Tagari et al. (196'f) have reported 
from five to 20 times hi^er amino acid concentrations in rumen fluid 
lAich had been dialyzed in preparation for amino add analysis. The 
free amino add in a sanqsle of abomasal fluid wwe ten to 50 times more 
concentrated then the free amino adds in rumen fluid (the analysis 
data for abomasal îree amino acids are not presented in this disser­
tation). The higher amino add concentration in abomasal fluid follow­
ing gastric digestion may be due to the release of the amino add 
associated with the microorganisms. 
Mkich higher levels of alanine were associated with the urea treat­
ment in comparison with other treatments. Alanine mi^t be higher due 
to the amination of pyruvic add. The conditions arising on the urea 
treatment would be such that ammonia mi^t be present in relatively 
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large amounts* Tagari et al. (1964) also observed that after feeding 
hi^ starch or hi^ cellulose rations with urea, alanine was present 
in greater concentrations than the other amino acids. These authors 
found that the alanine concentration was particularly increased two 
hours after feeding a hi^ starch ration. Gutowski ^  si. (19^) 
observed that concentrations of ^ utamic acid, alanine and aspartic 
acid were greater than the concentration of other amino acids. Glutamic 
acid levels were also relatively hi^ in the rumen fluid of lambs on 
the urea treatment. Lambs fed the rations containing COM or rations 
containing alfalfa and corn had hi^er levels of aspartic add. The 
methionine levels in the rumen fluid were higher in the lambs fed 
rations containing CCM or SBK in camparison to lambs fed rations con­
taining urea. The r^ative qrstine concentrations were also higher on 
these treatments. In general, the concentrations of all the amino acids 
varied considerably between lambs on the same treatment and between 
treatments. 
The degradation of valine, isdleucine and leucine results in 
branched-chain four and five carbon volatile fatly acids (VFA). How­
ever, Table 5 shows that the dietary levels of valine, isoleucine and 
leucine did not appear to have an effect on the levels of their respec­
tive branched-chain VFA* The level of these branched-chain VFA was 
from 10 to 350 (average 76) times greater than the amino acids from 
^diich they are derived. In general, none of the differences branched-
chain VFA levels could be ascribed to the treatment because the lambs 
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Table 5» Concentration^ of branchecUchain amino acids and volatile 
fatty acids in rumen fluid 
Nitrogen source Lamb^ ISO + Leu iCg's° Val iC^^® 
uM/ml-^ uM/ml-4 uM/ml-4 uM/ml"^ 
Urea A 78 7.600 50 2,000 
B 259 7,600 
CGM C 94 900 32 1,000 
D 60 21,000 
SBM E 56 700 74 1.500 
F 96 8,800 
^Values expressed as vHi/mL x 10"^. 
^Values pooled for lambs on same treatment for valine and iC^« 
°iCc's 2-methylbutyric and 3-®ethylbutyric acid; ICu, isobutyric 
acid. 
on the same treatment varied over a ten-fold range. It should be noted 
that the branched-chain VFA, lAich are products of protein degradation, 
were also present in the rumen fluid of lambs fed urea. 
ïhe lev^s and proportions of the straight-chain volatile fatty 
acids (VFA) are given in Table 6. The rumen fermentation of the semi-
purified rations resulted in VFA levels similar to the levels reported 
to occur vith natural rations containing a similar level of roughage* 
In studying factors effecting these acids Raon (196I) has observed 
levels between 60 and 120 uM per ml, lAile proportions generally are 
listed as follows: acetic add, 6O; prpprionic acid, 20; and bulgrric 
Table 6. VFA as infLuaiced by the nitrogen source in senipurified diets^ 
Molar $ of VFA Ratio 
Nitrogen source hr.^ 
^2 S G4 VC3 
TVFA® ®3 














































^AU values are the mean of two animals and average difference of the mean individual values 
follows the mean* 
^Time after feeding. 
°Total volatile fatlgr acids. 
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add, 15 molar per cent. The nitrogen sources did not greatly influence 
the levd or proportion of VFA. The COM treatment resulted in sometdiat 
lower VFA levels than were observed with the other treatments. In 
general» the highest VFA level regardless of the treatment occurred at 
four hours after feeding in comparison with the eight hour time. The 
urea treatment tended to be associated with the lowest prc^ortion of 
acetate to propionate. 
Die to the large variation between the animals fed the same nitro­
gen source and the limited number of animals, apparent differences 
lAich have been noted, were not significant at the 0.05 level of 
probability. 
The concentration of ammonia in rumen fluid Arom lambs fed the 
semipurified diets was generally less than ten mg per cent as shown 
in Table 6. This level was much lower than levels reported in the 
literature. In a recent review, Lewis (196I) listed levels ranging 
between ten and 60 mg per cent. However, ruminants fed diets with a 
hi^ proportion of readily available carbohydrates have been reported 
by Annison et al. (1954) and Preston et al. (1963) to have amnonia 
levels ranging between 1.4 and 20 mg per cent. Rumen ammonia levels 
were higher at four hours after feeding with the urea treatment only, 
while the lambs fed the SEM ration had a hi^er rumen ammonia at the 
only other sampling time, ei^t hours after feeding. Lambs receiving 
the CGM ration had the lowest ammonia concentration particularly at 
four hours after feeding. 
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fï>ee ammonia and VFA determinations were carried out on abomasal 
fluid from two sheQ) with abomasal fistulae* ALthoa^ the data are not 
presented in this dissertation» it was observed that abomasal ammonia 
concentrations were similar to the ammonia concentrations in rumen 
fluid. !Rie VFÂ concentrations were less than five per cent of the 
concentrations in the rumen* The VFA were probably absorbed before 
reaching the abomasum. However, the ammonia levels were unchanged 
from the rumen to the abomasum \diieh may be due to ammonia release, 
through abomasal digestion, in an amount at least equal to the amount 
absorbed* 
The nitrogen level in rumen bacteria and tdiole rumen ingesta from 
lambs fed different dietazy sources of nitrogen is given in Table 7. 
(Oie ingesta dry matter contained 2*37 per cent nitrogen for the lambs 
receiving urea lAich was JO per cent lower in nitrogen than the ingesta 
from lambs receiving either COM or SBK> !Qie crude protein content of 
the idiole rumen ingesta in this study was similar to that reported in 
the literature by Mills et al, (1942) and Agrawala et al, (1952). 
Agrawala and his associates noted lower nitrogen levels in rumen ingesta 
from steers fed purified rations containing urea in comparison to 
natural rations with a high roulage content. The bacteria separated 
fern the fluid and the ingesta of whole rumen contents contained be­
tween 7*27 and 8,66 per cent nitrogen. The bacteria separated from 
the ingesta of lambs receiving SBM were hi^er in nitrogen than similar 
organisms from either of the other treatments. The bacteria separated 
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Table 7* Nitrogen level in rumen bacteria and in rumen ingesta^ 
Bacteria 
Nitrogen source ELuid Pulp Somen ingesta 
56N 56N $ DM ^ N 
Urea 7.77 7.42 18.8 2.37 
CGM 7.34 7.27 15.7 3.30 
SBM 8.66 8.04 15.0 3.24 
nitrogen; and DM* dry matter. 
firom the rumen fluid tended to be higher in nitrogen than the bacteria 
separated trca. rumen ingesta pulp of the same lambs. The amino acid 
and ammonia nitrogen recovery in acid faydrolysates ranged frcn 81.5 to 
87.5 per cent of the total nitrogen. The remaining nitrogen mi^t be 
accounted for in unliberated amino acids and in nucleic acids (Hershey 
et al., 1953)* According to Belozersky (1947), nucleic acids contain 
approximately 17 per cent nitrogen and can account for ten to 30 per 
cent of the dry vei^t of bacteria. 
The relative amino &cid composition of hydrolysates of rumen micro­
organisms is given in Table 8. The rumen bacteria obtained from the 
various fractions and different lambs similar amino acid ccnqposition. 
The bacterial preparation appeared to be almost free of ration amino 
acid contamination. The amino acid composition of the rations differed 
greatly from bacteria with respect to glutamio add and lysine levels. 
Table 8. Relative amino acid composition^ of hydrolysates of rumen microorganism 
Nltrogw source and Ingestum fraction 
Urea CGM SBH 
vAmlno acid Whole Fluid Pulp Fluid Pulp ELuid Pulp 
% * $ * 
Isoleucine 6.35 6.46 6.11 6.51 6.64 6.12 6.31 
Leucine 8.20 7.42 7.47 7.95 8.18 7.66 7.98 
Valine 6.71 7.35 6.78 6.97 7.12 7.18 6.99 
Threonine 6.01 6.46 5.93 5.99 5.31 5.97 5.60 
Methionine 2,25 2.33 2.14 2.25 2.44 2.36 2.45 
Phenylalanine 4.89 4.63 5.03 5.09 5.39 5.13 5.06 
TSnrosine 4.15 4.50 4.64 4.85 5.18 4.96 4.92 
lysine 8.04 7.15 7.52 7.10 7.65 6.92 7.55 
Histidine 2.17 1.78 1.55 1.63 1.51 1.58 1.52 
Arglnlne 4.19 4.27 3.69 3.74 3.27 3.91 3.67 
Tryptophan 1.12 1.29 1.38 1.41 1.42 1.42 
Aspartic add 12.33 12.74 12.83 12.78 11.87 12.50 12.32 
Serine 5.08 4.45 4.84 4.13 4.04 4.64 4.60 
Glutamic add 12.44 11.92 12.81 12.34 12.22 12.71 12.75 
Proline 4.04 3.42 3.66 4.00 4.06 3.31 3.52 
Glycine 5.67 6.44 6.52 6.33 6.69 6.27 6.42 
Alanine 7.48 8.68 8.38 8.31 8.42 8.76 8.32 
DAPA 1.02 0.84 0.90 0.72 0.61 0.80 0.61 
^AU of the Individual amino adds and ammonia are eocpressed in relation to the total 
gravimetric concentration of all the amino adds except DAPA and tryptophan# 
Table 3* (Contiimed) 
Nitrogen source and ingestma fraction 
Urea CCM Sai 
Amino acid Whole fluid Palp Fluid Rilp fluid Pulp 
g AA/100 g of 
g try./I00 g DM 
g NH3/IOO g EM 
Nitrogen 
Nitrogen recovezy 
% 2 * $ * 
12.2 43.8 38.8 38.7 37.6 47.4 44.1 
0.49 0.50 0.54 0.53 0.68 0.63 
0.55 1.07 1.23 1.37 1.33 0.88 1.05 
2.37 7.77 7.42 7.34 7.27 8.66 8.04 
89,2 Q7>5 83.8 85.9 84.0 81.5 84.1 
Total gravimetric concœtration of all the amino acids listed, except DAPA and tryptophan, 
eogressed as the amount recovered per 100 gram dry matter (IM). 
^Per cent nitrogen recovered as amino acids and ammonia* 
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The contamination of bacterial preparations with a small amount of 
ration protein would have affected the glutamic acid and lysine levels. 
In general, the amino acid composition of the bacteria frcm lambs 
fed différait sources of nitrogen was uniform. The bacteria from the 
urea treatment contained less tryptophan, tyrosine and phenylalanine 
than the bacteria from treatments in which protein was fed. The 
bacteria frcsa sheep fed the COI ration contained the highest proportion 
of proline and the lowest proportion of serine. There was also scne 
indication that the leucine content of bacteria may have been affected 
tqr the dietary amino adds. Whether this effect, or any of the other 
effects noted are real effects, is open to considerable question. The 
relative amino add composition of Escherichia coli in different 
environments was observed by Sueoka (1961) to be affected only sli^tly 
upon changing either the chemical composition of the medium, the tem, 
perature of incubation or the phase of growth at the cell harvest. It 
appears that most of the differences in the amino add con^osition of 
rumen organism could have been due to different bacteria spedes. 
Hydrolysates of the idide rumen ingesta Arom sheQ) fed the urea 
ration were hi^er in the relative leucine, lysine, histidine, proline 
and serine content and lower in the relative tyrosine, glycine and 
alanine content in comparison to the fluid and pulp fractions from the 
same lambs. The hydrolysates of whole rumen Ingesta contained the 
bacteria and protozoa, soluble rumen proteins, and all materials of 
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rumen ingesta. 
CooQ>arisons of the relative amount of specific amino adds in the 
Ingesta fractions shows that differences may exist between the bacteria 
of pulp and those of fluid. The relative amounts of arginine and 
threonine were higher in the bacteria from the fluid than those asso. 
dated with the pulp. However, the per cent lysine was hi^er in the 
pulp fraction bacteria. It is interesting to note that with the protein 
sources, the pulp fraction bacteria contained more lysine and less 
diamlnqpimllicacid (DAPA), iAldi is a precursor of lysine in some 
bacteria, and in some bacteria DAPA may replace lysine in the cell 
wall structure (Perkins, 1963), The bacteria froa the lambs receiving 
nitrogen from urea contained more DAPA than the bacteria from lambs 
fed either of the protein sources. This was particularly evident in 
the bacteria from lAiole rumen contents. The bacteria extracted from 
pulp of the lambs fed SBH or COM contained the lowest proportion of 
DAPA nitrogen. This variation would seem to invalidate the use of 
DAPA as a bacterial marker. Weller (1958) utilized the DAPA nltrogai 
as a marker of bacterial nitrogen because of its absence from plants 
and rumen protozoa. He assumed that the concentration of 0.62 per cent 
DAPA nitrogen in the bacterial nitrogen did not vary widely. 
Amino add composition of rumen protozoa The nitrogen content 
of the protozoa used in these studies varied from 2.11 per cent to 8.08 
per cent (Table 9). The low nitrogen levais were obtained û>om prepa­
rations composed largely of holotrichs. The lower nitrogen values were 
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Table 9* Amino acid composition of rumen protozoal protein hydro, 
lysates according to genwa 
Protozoa genera* 
Amino add Iso«»1 lso-2 Ent Ent + 
* 56 * 
Xsoleucine 7.18 7.48 7.04 6.97 6.99 
Leucine 8.49 8.32 7.94 9.55 9.55 
Valine 5.18 5.44 5.86 5.92 6.14 
Threonine 5.05 4.79 5.16 4.02 4.87 
Methionine 2.47 1.19 0.55 2.22 2.02 
Phenylalanine 5.78 5.99 6.52 5.71 5.29 
Tyrosine 5.84 5.14 3.97 5.49 5.25 
lysine 7.05 6.60 9.10 9.14 7.87 
Histidine 2.01 1.68 1.82 1.42 1.32 
Arginine 5.42 3.72 3.79 1.72 2.28 
Aspartic acid 14.30 14.46 14.76 10.81 11.89 
Serine 4.48 4.39 4.60 4.26 4.16 
Glutamic add 15.33 15.88 15.61 15.91 16.20 
Proline 2.36 3.52 3.79 5.42 5.42® 
GOycine 4.45 6.23 4.62 3.78 4.85 
Alanine 4.66 5.17 4.86 6,at^ 5.86 
^so, Isotridia; Ent* Entodinium; Epi, Epidinium. 
^ALl of the individual amino acids and ammonia are expressed in 
relation to the total gravimetric concentration of all the amino acids 
except SAPA and tryptophan. 
^Lost in analysis, estimate given is as foand in the Ent sample* 
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Table 9. (Contimed) 
Anino acid 
Protozoa genera® 
Iso-1 ISO.2 l&xed Ent Ent + Qpi 
* * * 
Tryptophan 1.91 1.01 1.01 
g try./I00 g DM 0.38 0.37 0.38 
g AA/100 g or 
Ammonia)) 
38.5 20.1 11.9 36.7 37.3 
1.10 0.71 0.50 0.99 0.85 
Nitrogen 
Nitrogen recovery 
8.08 3.41 2.11 7.08 7.41 
76.4 92.9 93.8 78.2 74.1 
'^Total grams recovered of all the amino acids listed, exc^t ÛAPA 
and tryptophan, per 100 grams hydrolyzed abonasal ingesta. 
^Fer cent nitrogen in lAole abonasal ingesta recovered as amino 
acid and ammonia. 
probably due largely to the storage of polysaccharide granules. While 
studying the storage of polysaccharide in rumen protozoa, particularly 
holotrichs, Oxford (1951) observed from 1.13 to 1.63 per cent nitrogen 
content in rumen protozoa. He noted a sometdiat higher nitrogen content 
of 3.51 per cent was associated with a preparation containing both 
holotrichs and oligotrichs. HcNaught ^  (195^) reported rumen 
protozoa contained 4.62 per cent nitrogen lAien 0.5 per cent glucose 
was added to accelerate the settling of the protozoa from rumen fluid 
but preparations settled without sugar averaged 8.0 per cent nitrogen. 
With two protozoa pr^arations containing the lowest nitrogen 
levdL, £^roximat^ 93 per cent of the nitrogen was recovered in amino 
acids and ammonia following the add hydrolysis, i^rcadmataly 76 per 
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cent of the nitrogen was recovered idth the other preparations. The 
unrecovered nitrogen might be unliberated amino acids and nucleic acids. 
The protozoal amino acid coogposition varied someidiat both -within 
and between species. It may be observed in Table 9 that the relative 
lysine» arginine and glycine content of the protozoal preparations 
varied to the greatest degree regardless of species. The lysine con­
tent in relation to other amino acids ranged Arou 6.60 to 9.14 per 
cent, iMle arginine and glycine ranged from 1.72 to 5.42 per cent and 
from 3*78 to 6.23 per cent, respectively. £Q.fferences in the relative 
content of leucine, histidine, arginine, aspartic acid, proline, 
alanine and tryptophan are noted iAen the amino acid cnqposition of 
the holotrichs and the oligotrichs is coaQ>8red« Two of the protozoa 
preparations, containing largely holotrichs, had only half the methio. 
nine content in ccaçarison to other preparations. In these hdlotrich 
preparations, the decrease in methionine in proportion to the other 
amino acids was paralleled by a decrease in nitrogen on a dry matter 
basis. The Isotricha preparations contained only an average lysine 
content of 6.82 per ceit idiile the average lysine content of the other 
pr^arations was 8.70 per cent. Holler and Hamper (1964) also found 
that Isotricha contained less lysine in comparison with Dagytricha, 
Entodinium and Ophryoscoleac. 
In general, rumen protozoa had higher levels of ^ utamic acid, 
isoleucine and lysine and lower levels of alanine, threonine, valine 
and methionine in comparison with rumen bacteria. The reports of other 
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researchers generally agree with these differences between protozoa and 
bacteria (Wriler, 1957; Bina et 1963; Kandatsu^, 1963; Fauconneau, 
1964; HSller and Harmeyer» 1964). The per cmt methionine and lysine 
in rumen bacterial and protozoal protein is summarized from the data of 
several researchers and is shown in Table 10. Ihe per cent methionine 
in bacterial and protozoal protein is less than the requirement of non-
ruminants for good growth, while the per cent lysine is more than 
adequate in both bacterial and protozoal proteins. Since cysteine can 
r^lace part of the methionine, the requirement is better stated as 
total sulfur amino acids. Although protozoa contain more cysteine than 
bacteria, the total sulfUr amino acid content of protozoa is still lower 
than that of bacteria as is show in Table 10. The total sulfUr amino 
acid content of microorganisms is marginal in comparison with the 
requirement for non-ruminant growth. 
Experimental procedures 
Interrelationships between portal and jugular PFAA The sables 
for these cooqparisons were obtained from an experiment conducted by 
Theurer (19^2). Details of the experiments and surgical methods are 
outlined by Theurer but are briefly outlined herein. Three wether 
lambs weighing approximately 90 pounds were fed twice daily 56? grams 
of the semipurified ration containing SBH (Table 1) for 30 days prior 
^Kandatsu, M,, T(Ayo, Japan. Data from tables showing the amino 
acid composition of rumen microorganisms. Private coxmunication. 1963. 
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Table 10. Amino acid cœposition^ of bacteria and protozoa, as calcu­
lated from literature values, compared with the requirement 
of non-ruminants 
Methionine^ lysine 
Researcher Bact. Proto, » Bact. Proto. 
2 
Foley 2.3 1.8 7.3 8.0° 
Flna et al. 2.0 1.4 6.9 9.1 
Fauconneau 2.8 (3.9) 2.2 (3.6) 9.1 10.6 
Kandatsu 2.6 1.9 8.2 11.4 
Wèller 2.9 (3.7) 2.2 (3.3) 7.5 10.4 
Holler and Harm^er 3.1 (4.5) 1.8 (3.2) 9.7 11.2 
Average ^ 2.6 (3.5) 1.9 (3.0) 8.1 10.1 
Bequiranent (3.0-4.0) 4.5-5.0 
^Anino add expressed as per cent of total amino acid weight. 
^Total sulfur amino acids are in parenthesis. 
°Average lysine content of the protozoal prQJarations excluding 
those containing Isotricha as the only species. 
^Range of non-ruminant requirements, including the rat, pig and 
chick. 
to the experiment. This ration contained approximately nine per cent 
crude protein with the SBM supplying over 94 per cent of the total 
nitrogen. 
During the e3q>erlments, the SBM ration was offered, and two hours 
lata: the remainder of the ration not consumed (usually about one-half 
of that offered) was slurried with water and poured into the rumen 
through a funnel on the top of a hose inserted about six inches into 
the esophagus. Water was available to the animals at all times. Ihe 
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first or zero hour sample was obtained l6 hours after the previous feed, 
ing and just before the next feeding. The other times of portal and 
jugular sampling were at two, four, six, ei^t, ten, 12 and 24 hours 
after the zero hour sa#le. The blood was preserved and prepared for 
amino acid analysis according to the procedure glvm in the appendix. 
Interrelationships between abomasal ingesta and jugular PFAA 
Four wether sheqp weighing «approximately 100 pounds were used in this 
eoqseriment. Two she^ were fitted with a rubber cannula in an abomasal 
fistula. The cannula consisted of a rubber tube, 2.25 inches long with 
a 0.375 inch inside diameter and 0.625 indi outside diameter# vulcanized 
to a two inch rubber flange. The cannulas were held in place by the 
flange on the inside and an external imsher, 2.25 inches in diameter 
and 0.25 inch thick, lAich fit tl^tly over the tube. Externally, the 
fistula were located on the lower middle of the right side as shown in 
Figure la. Before surgery, all of the animals were fasted overnight. 
The sheep were tranquilized and strapped to the operating table on 
their left side. A local anesthetic was Injected into the area sur­
rounding the area tAere the Incision was to be made. A six inch verti­
cal incision was made, the abomasum was located and the pyloric end 
exposed. A purse-string suture of catgut was laid in the abomasal wall 
and a 1.5 inch longitudinal cut was made so that the cannula could be 
inserted. The purse-string was pulled tight and tied tightly around 
the cannula. Ihe cannula was exteriorized through a stab wound and 
held in place by the rubber washer. The body wall and skin were closed 
Figure 1. Cannulas in location of fistulae 
a. Location of abcmasal fistula 
b. Cannulae and associated parts 
c. Location of re-entrant fistulae 
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with s^arate satures* The eannulae were plugged with rubber stoppers. 
Samples of approdmately $0 ml were collected into a flask by removing 
the rubber stopper* 
Re-entrant duodenal fistulae were established in another sheep. 
The general surgical method used in this study is described by Mârkowitz 
et al. (1959) under the procedure for establishing a Crocker-Karkowitz 
fistula. Initially, the abomasum and intestine in the pyloric region 
were exposed. A large cushioned damp was placed on the abomasum near 
the pylorus and two small clamps were placed side by side on the 
intestine about two inches from the pyloric sphincter. After ligating 
the local mesenteric vess^s, the duodenum was eit between the small 
clangs. An intestinal stung) was prepared by the Parker-Kerr method of 
over sewiKg each danqp and then withdrawing the damp so the suture 
could be drawn ti^t to complete the stump (Markowitz et al*, 1959}. 
After placing a one inch longitudinal cut in the intestine exposing 
the lumen, a cannula was placed in each stmq) and secured means of 
a Hiirphy purse-string suture. The cannula was exteriorized through a 
stab wound* The other stusg) was pr^ared, inserted with a cannula, and 
exteriorized in the same manner. The body wall and skin incisions were 
dosed with separate sutures. The approximate location of the cannula 
is shown in Figure 1c. The ingesta flow was up a slight incline of 
less than 15®» 
The two rubber eannulae used in this animal were similar to those 
described for use in the abonasal fistulae except that the flange was 
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thinned from a 0.25 inch thickness to approximately 0,15 inch thickness 
and cut into an oval measuring approximately 1,0 by 1,75 inch. The 
cannulae were jointed by means of a U-shaped plexiglass tube, 0,5 inch 
inside diameter by 0,625 inch outside diameter. The U-shaped tube was 
held together by a piece of Tygon tubing as shown in Figure lb, 
A re-entrant abomasal-duodenal fistulae system was estaKLished in 
another she^, A fistula fitted with a rubber cannula was prepared in 
the pyloric anthrum as was done in the establishment of the abomasal 
fistula. The intestine was transected approximate 0.5 inch from the 
pyloric sphincter and a cannula was fitted on the intestinal side as 
described above. The two rubber cannulae were connected externally by 
a plexiglass tube as described for the re-entrant duodenal fistula. 
The animals were allowed approximately one month recovery time 
before sampling was started. Although the sheep received semipurified 
rations prior to surgery, the alfalfa hay-corn ration was used to bring 
the animal back on feed and in the first abomasal ingesta collection 
and sas^ling experiments. One month was allowed for adaption to the 
first semipurified ration. In subsequent sampling periods, the sheq> 
were allowed at least two weeks to become adjusted to the dietary 
treatment. The sequence of semipurified diet treatments was soybean 
meal (8BM), com ^ uten meal (C@l), com ^ uten meal and urea (CQI & 
Urea), and urea. The sheep received either 200 or 300 grams per eight 
hour interval according to the schedule given in Table 11, The sheep 
generally consumed all of the feed within one-half hour, With she^ Eg 
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Table 11. Ration quantities fed to listulated sheep 
Ration^ 
Sheep Alf-corn SBH COM CGH & Urea Urea 
H 300 300 300 300 300 
S 300 200 200 200 200 
4 200 300 200 200 
% 300 300 200 200 
^Mounts given are for an ei^t hoar feeding period. 
and S had abomasal fistula, and R^ and Rg had re-entrant 
flstolae* 
some of the COl & Urea and urea rations were unconsumed after one hoar, 
so the remaining portion was force fed as described in the portal-
jugular FFAA study. 
The abomasal ingesta coUection and sampling eaqperiments were 
conducted lAile the animal was kept in a stanchion. The U-shaped tube 
connecting the two cannulae was disconnected and the flow from the 
abomasum was collected in a flask. The amount collected within a 15 
minate interval or 100 ml was mixed and a ten per cent aliquot was 
removed prior to reintroducing the remaining 90 per cent into a funnel 
connected to the intestinal cannula by means of a tygon tube. The 
collections were made continuous from one feeding until the same 
time after the next feeding. 
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With each of the semlpurlfled rations, gamples of jugular blood 
were taken frm sheep E, S, and R2 (gprcocimately nine hours after feed­
ing. With the alfalfa hay and corn rations jugular blood samples were 
obtained only from sheep and another unfistulated she^, I. 
k PEG marker was added to the rations fed to sheep H» S and Eg* 
One gram of PEG 4,000 was mixed to every 100 grams of ration. The PEG 
and ration were mixed fresh daily. Three grams of PEG were given in 
the initial feeding in addition to the amount in the ration. PEG was 
fed in the ration for six days prior to the first sançling and for the 
next three sailing days. 
Interrelationships between PFAA and dietary source of nitron 
The samples analyzed in this eqperiment were obtained from lambs in 
growth Trials two, three and five as reported by Theorer (1962). Jugu­
lar blood samples were collected at the end of each trial» following a 
12- to 14-hour fast from feed and water. All samples from five lambs 
on each treatment were prepared and analyzed for free amino acids ac­
cording to the procedure described in the appendix. In Trial two, 
lambs were fed for 43 days equal amounts of a semipurified diet (similar 
to that shown in Table 1) lAich contained 11 per cent crude protein 
from either SBM, CGM or CGM and one per cent urea. The lambs in Trial 
five were fed ad libitum a semipurified ration containing nine per cent 
protein from SBM, (XH or urea. The saisies analyzed from Trial three 
were collected Arom lambs fed the corn-cob rations given in Table 12 
for 55 days. Detailed accounts and discussion of the performance of 
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Table 12. Ingredient composition of conventional fattening rations 
arpplanental nitrogen source^ 
Ingredient Urea C(m + 155 Urea CGM sm 
2 1» 
finely ground com cobs 38.0 38.0 38,0 38.0 
Ground shelled com 50.8 43.2 35.7 37.8 
Sucrose 5.2 5.2 5.2 5.2 
Water . 1.8 1.8 1,8 1.8 
Mineral mixture 2,2 2.2 2,2 2.2 
Vitamin A and tr tr tr tr 
Crystalline urea 2.0 1.0 
Com ^ uten meal 8,6 17.1 
Soybean meal 15.0 
^Supplemental nitrogen supplied from 52 to 64 per cent of the 
1,76 per cent total nitrogen. 
^Consisted of 27 per cent calcium carbonate, 50 per cait dicalcium 
phosphate and 23 per cent sodium chloride. 
®2200 I.U. vitamin A and 275 vitamin D per kilogram, 
the lambs in the three growth trials are given by Iheurer (1962), 
Influence of administering amino acids with the ration (orally) 
or into the abomasum on plasma amino adds The sheep with the 
abomasal fistula described in the previous experimœt were used in this 
study. For the studies with methionine « the ^ eep were allowed to ad­
just to the ration containing urea for three weidcs. An amount of 
methionine in a gdetin capsule equivalent to 0.2 per cent of oral 
ration was added through the abomasal cannula for nine successive feed­
ings (three times per day). Nine hours following the last abomasal 
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supplement, a jugular plasma sangle was taken, A week later* 0.2 per 
cent methionine was mixed into the ration. After nine successive feed, 
ings of this mix, a series of abonasal sanqples were withdrawn at one, 
three, five and seven hours after feeding and pooled for analysis. 
The feeding of the mixture was continued and the following day a 
sangle of jugular blood was taken. The same procedure of abooasal and 
oral supplementation was repeated using the CGM ration supplemented 
with 0.2 per cent lysine. Plasma and abcmasal samples were taken as 
described above. Following the lysine eaqperiment, sheQ) continued to 
receive the CCM ration for two wedcs before supplementing 0.1 per cent 
tryptophan in the abomasum. After nine successive infusions, a sa^le 
of jugular blood was taken nine hours after feeding. Next the sheQ) 
were infused with tryptophan at four additional feedings and a series 
of plasma samples were withdrawn at approximate two, four, six and 
nine hours after feeding, ïhe following week the same level of tryp­
tophan was mixed with the ration. Following the ninth feeding of this 
mixture the series of abcmasal samples were collected. The next day a 
jugular plasma san^Jle was taken nine hours after feeding. Four feed­
ings later, a series of plasma sanqples were withdrawn as described 
above. The ration with the added tiyptophan was fed for another ten 
days, and the series of abomasal digesta sangles were collected. The 
nine hours post-prandial plasma sangle was taken the next day. 
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Results and discussion 
Interrelationships between portal and jugular PFAA The portal 
and jugular PFAA are given in Table 13 according to time after feeding* 
Twenlgr-six ninhydrin positive substances in the plasma of sheep have 
been chrcmatographed, Tweniy ffti.no acids, ammonia and urea were the 
known and quantitated while four of the ninhydrin substances were not 
conclusively identified. Ae plasma Aree basic amino acids and ammonia 
were determined and originally discussed by Theurer (1962). Hie basic 
amino acids previously reported include ornithins» lysine* histidine 
and arginine. These amino acids will be discussed together with the 
other sixteen amino acids reported in this dissertation* 
In general, no quantitative differences between portal and jugular 
PFAA levels were observed* However, both the portal and jugular plasma 
decreased in free amino add concentration from zero to four hours 
after feeding and returned to the post-feeding level by ei^t hours 
post-prandial* Annison (195^} noted a similar drop in the portal PFAA 
of she^ following the administration of a large amount of casein 
hydrolysate to the rumen* The highest concentration of PFAA was at 
the last sampling time of 24 hours after feeding. The highest concen­
tration of PFAA occurred during a semi-fast while the lowest level 
occurred about four hours following feeding in a period in lAich the 
greatest ruminai feraentive activily would be expected. Mien the total 
essential and the total nonessential amino adds in the portal or 
jugular plasma were conqpared, no differences were apparent* However, 
Table 13* Portal (P) and jugular (j) PFAA concentrations^ in lambs at various hoars after feeding 
a SEN senipurified diet 
Hours after feeding 
Amino acid Vess^ 0 2 4 é 8 10 12 24 Ave. 
mg i> Mg # mg % mg 56 mg 5Ê mg # mg # mg # mg i, 
Isoleucine P 0.82 1.04 0.75 0.77 0.98 0.73 0.72 1.21 0.88 
J 0.76 0.88 0.70 0.97 1.04 0.81 0.75 0.92 0.85 
Leucine P 1.01 1.14 0.94 0.89 1.14 0.84 1.02 1.39 1.05 
J 0.68 1.04 0.81 0.93 1.15 1.06 0.96 1.09 0.96 
Valine P 1.97 1.22 1.71 1.62 1.69 1.63 1.62 2.04 1.69 
J 1.57 1.94 1.52 1.80 1.98 1.79 1.72 1.80 1.76 
Threœiine P 1.32 1.38 1.07 0.83 1.17 0.95 0.94 1.51 1.15 
J 1.21 1.12 1.05 1.16 1.44 1.12 1.12 1.23 1.18 
Methionine P 0.33 0.72 0.23 0.24 0.27 0.16 0.19 0.30 0.30 
J 0.12 0.23 0.36 0.28 0.06 0.16 0.19 0,32 0.22 
cystine P 0.23 0.15 0.13 0.20 0.12 0.10 0.19 0.13 0.16 
J 0.06 0.14 0.10 0.23 0.11 0.17 0.16 0,17 0.14 
Phenylalanine P 0.86 0.86 0.69 0.55 0.96 0.74 0.63 0.84 0.77 
J 0.63 0.83 0.69 0.66 1.04 0.79 0.71 0.84 0.77 
Xsrrosine P 1.18 0.98 0.91 0.74 0.96 0.80 0.71 1.07 0.92 
J 0.92 0.98 0.83 0.62 0.83 0.83 1.01 0.94 0.87 
lysine P 2.06 1.78 1.21 1.30 1.96 1.61 1.58 2.18 1.71 
J 1.20 1.54 1.05 1.27 1,56 1.45 1.42 2,05 1.44 
Histidine P 1.06 1.02 0.88 0.92 2.16 1.02 1.23 0.98 1.16 
J 0.99 1.01 0.95 1.20 1.06 1.07 1.20 1.20 1.08 
^Concentration expressed as mg per 100 ml (mg 
Table 13. (Cotxtlmed) 
Hours after feeding 
Anino add Vessel 0 2 4 é 8 10 12 24 Ave. 
mg # mg # mg % mg # rag f, mg # mg f> mg mg # 
Argini.ne P 2.60 1.88 1.31 1.15 1.76 1.50 1.88 2.26 1.79 
J 1.91 1.97 1.18 1.55 1.53 1.69 1.74 2.47 1.76 
Total P 13.44 12.17 9.83 9.21 13.17 10.08 10,71 13.91 11.58 
J 10.05 11.68 9.24 10.67 11.80 10.94 11.98 13.03 11.15 
Aspartic add P 0.24 0.25 0.18 0.21 0.19 0.22 0.15 0.20 0.20 
J 0.17 0.08 0.24 0.19 0.15 0.15 0.18 0.15 0.16 
Serine P 1.94 1.73 1.53 1.43 1.97 1.60 1.69 2,19 1.76 
J 1.52 1.86 1.46 1.48 1.91 1.77 1.65 1.63 1.66 
Glutamic add P 1.85 1.91 1.88 2.07 2.32 1.72 1.65 2.15 1.94 
J 1.93 1.87 2.06 1.72 2.25 2.13 1.90 1.68 1.94 
Proline P 0.94 1.07 0.84 0.80±l6 0.96203 0.54304 1.16 1.45i02 0.97 
J 1.30 1.20 0.74 1.23 0.96117 1.04 1.14 1,26 1.11 
Glycine P 4.14 3.81 3.28 3.78 4.43 3.98 4.51 4.78 4.09 
J 3.35 3.91 3.27 3.50 4.87 4.69 4.31 4.60 4.06 
Alanine P 1.91 1.84 1.47 1.37 1.55 1.33 1.59 1.79 1.61 
J 1.74 1.85 1.53 1.27 1.62 1.77 1.56 1.98 1.66 
Total P 11.02 10.61 9.18 9.66 11.42 9.39 10.75 12.56 10.57 
J 10.01 10.77 9.30 9.39 11.76 11.55 10.74 11.30 10.59 
Taurine P 1.35 1.25 1.08 0.95 1.34 1.84 1.60 1.75 1.40 
J 1.81 1.33 0.93 1.04 1.38 1.60 1.53 1.38 1.38 
Table 13* (Contimed) 
Honrs after feeding 
Amino a(d.d Vessel 0 2 4 é 8 10 12 24 Ave. 
ng $ mg * mg # mg f> mg % mg mg 56 mg mg i. 
CLtmlline P 1.78 1.71 1.26 0.93^10 1.15-14 0.8#12 1.29 1.90i20 1.36 
J 2.04 1.64 1.41 1.05 1.39X12 1.26 1.34 1.81 1.49 
Ornithine P 1.16 1.06 1.08 1.08 1.16 1.16 0.95 1.28 1.12 
J 0.77 0.94 0.95 0.91 0.91 1.03 1.03 1.10 0.96 
Urea P 10.64 12.32 12.08 8.77 9.62 11.72 10.94 23.14 12.40 
J 20.55 17.61 14.12 12.14 12.32 11.60 12.50 21.16 15.25 
Ammonia P 1.27 1.05 1.02 0.98 2.28 1.15 1.04 1.17 1.24 
J 0.61 0.62 0.76 1.00 1.02 0.77 0.89 0.69 0.80 
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the portal total essential amino add levd varied someidiat more daring 
the different san^ling times. The level of portal essential amino add 
was particularly hi^ at eight, 16 and 24 hours after feeding, 
%e ^dne concentration in both portal and jugular plasma was 
higher than the concentration of any other amino add, tiiile cystine, 
aspartic add and methionine concentration were present in plasma in 
the lowest amounts. The fluctuations of individual amino adds in 
portal and jugular plasma are shown in Figure 2. In general, the con. 
centration of a particular amino add in the portal plasma was similar 
to the jugular plasma. It should be noted that portal and jugular 
plasma amino add concentrations were more variable and less couqparable 
up to eight hours after feeding. When all of the individual amino adds 
were considered, the jugular plasma was the most similar in comparison 
to portal plasma at either ten or 12 hours post-prandial. 
In jugular plasma at 10 and 12 hours post-prandial the concentration 
of all the various amino adds, except glycine and methionine, did not 
vary greatly Crcan the average concentration (average of all times) of 
either jugular or portal plasma for the respective amino adds. Ihe 
concentration of jugular plasma methionine probably could not be 
determined accurately within a ten per cent range due to analytical 
difficulties. A similar situation also exists with respect to cystine 
and aspartic acid, so no quantitative considerations may be made for 
these amino adds. Jugular plasma samples taken prior to the tai hour 
time varied frequmtly from the portal plasma over more than JQ per 
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cent in concentration idien specific amino acids such as isoleucine, 
leucine, threonine, phenylalanine, lysine, arginine, proline, glycine, 
alanine, taurine and citrulline were considered. Plasma concentrations 
of arginine and citrulline decreased some 50 per cent from zero to 
six hours after feeding, but returned to the post-feeding levels as 
the time after feeding increased. Jugular urea concentrations also 
decreased to a similar degree, lAile the portal urea did not vary 
greatly from zero to 12 hours post-prandial. The portal urea levdL 
was maintained at a lower lev^ than the jugular level, except at 24 
hours post-prandial. The other amino acids showed a similar pattern 
to ar^nine and citrulline but to a much less marked degree as the 
decreases were only approximate ten to 20 per cent. The decreases 
in citrulline, arginine and jugular urea levaL mi^t be a result of 
reduced urea synthesis, after idiich citrulline and arginine return to 
the original levels and urea remains low until catabolic functions 
begin. 
The lower portal urea levels in conçarison to jugular levels may 
indicate that there is a loss of urea from the blood stream into the 
rumen. Simonnet et al. (1957), Houpt (1959). Hill et (1961), and 
Ash and Dobson ( 1963) have reported that urea may enter the rumen in 
considerable quantities by this route. 
Abomasal ingesta flow and gross composition with different sources 
of nitrogen IXuring the abomas^ ingesta collection experiments, the 
appetite and weight changes of the sheep were generally favorable except 
làth sheq) Rg which refused to fredjr consume the fUU allotment of the 
last two ration treatments. The same situation existed with sneep 
but tnis animal was removed from test and did not receive the last two 
treatments, j^proximatdiy four months after fistulation, the cannulas 
became difficult to maintain in the fistula. Although the re-entrant 
cannulae remained open during the experimental phases of the studies, 
the cannulae did become plugged on several occasions. The cannulae 
tended to plug more readily idxen the animals were on a feed intake of 
less than 200 grams per eight hours. The sheep with the re-entrant 
abomasal-duodenal cannula plugged more frequently than the she^ with 
the re-entrant duodenal cannula. This may have resulted from the more 
intermittant flow and lack of pyloric control in the abanasal shunt 
duodenal preparation. When the cannula became plugged in either sheep 
the appetite of the sheep was coœpletdiy depressed within 30 minutes to 
one hour. However# unplugging the cannula resulted in a return of ap­
petite within one to two hours. 
The flow of abomasal contents in sheep has been studied by a 
number of investigators idio have observed average flow rates of 440 ml 
per hour (Riillipson, 1952)» 36O ml per hour (Hogan and Phillipson, 
i960)» 478 ml per hour (Sin^eton, 1961) and 398 ml per hour (Harris 
and Phillipson, 1962). Phillipson (1952) r^orted that xriien the can­
nula was opened initially a gush of abomasal ingesta resulted, but if 
the initial gush was returned immediately; further abomasal anptying 
was inhibited. The flow from the abcmasum following the initial gush 
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became more uniform. The experiments of Fhillipson (1952), and Hogan 
and Fhillipson (I960) demonstrated that the rate of flow from the 
abcaaasum of she^ was accelerated #en digesta was not returned to the 
intestine. ]he return of abomasal digesta resulted in flow patterns 
into the duodenum idiich were quantitatively similar to those observed 
by Sin^eton (1961) through the use of electronic measurements on an 
uninterrupted flow* 
By ctsitinuous infusion of a PEG marker solution into the abonasum, 
Qyck (1963) was able to estimate the flow of digesta from the abomasum 
of she^. The amount of marker dilution in saoQ>les from the upper 
duodenum was the basis on ^ Aich estimates were made. His estimates of 
abomasal outflow volume ranged from 273 to 672 ml per hour. There was 
some indication that reduced flow rate resulted Arom lower food con-
sun^tion or lower roughage rations, phillipson et (1949) also 
concurred with these observations on food consumption and roughage 
level. 
In general the volume of digesta flowing from the abomasum was 
similar in these studies to the volumes measured by other researchers 
as discussed above. The flow of abomasal contents is given in Tables 
14 and 15. The abomasal digesta flow in sheq) Rg was compared with 
the passage and recovery of the PEG marker. Since the PEG was fed so 
as to establish an equilibrium between the amount fed and amount leaving 
the rumen, the PEG recovery should provide some basis for judging the 
accurapy of flow measured and saa^>led. The PEG and abomasal flow were 
Table 14. Average flow rate» and nitrogen and PEG contait of ingesta passing from the abomasum of 
sheep Rg >dien fed different rations 
SHI egg 
300 grams/8 hr^ 3OO grams/8 hr 3OO grans/8 hr 3OO granis/8 hr 
Hour ml/hr mg ^  PEG al/hr mg PEG ml/hr mg ^  PEG ml/hr mg PEG 
i> protein^ ^ protein % protein ^ protein 
Initial (l)° 400 104 348 78 338 101 400 111 
0.65 0.96 1.50 1.73 
1 281 104 347 103 218 101 399 114 
1.01 0.93 1.40 1.59 
2 253 124 89 93 319 105 205 123 
1.04 1.14 1.42 1.52 
3 361 138 873 98 105 101 294 127 
1.28 1.14 1.44 1.74 
4 431 115 309 105 531 110 2 
1.18 1.01 1.76 
^Anount of feed offered, 
^Per cent nitrogen in abomasal fluid times 6.25. 
^Initial flow during the first 15 minutes after opening the cannula. 
! 
Table 14. (Continued) 
^ 03! 
300 grams/S hr^ 300 grams/8 hr 30O grams/8 hr 300 grams/8 hr 
Hour ml/hr mg $ PEG xnl/hr mg ^  PEG ml/hr mg ^  PEG ml/hr mg ^  PEG 
% protein^ jè protein 56 protein 56 protein 
5 329 129 442 101 469 100 635 121 
1.15 1.07 1.76 1.80 
6 393 109 453 107 242 120 313 126 
1.72 1.04 1.35 1.27 
7 3''0 109 392 97 513 111 310 127 
1.18 1.11 1.56 1.33 
8 306 104 408 100 439 107 235 109 
1.08 1.11 1.49 1.39 
Total/8 hr^ 
ml 3094 3661 3174 2793 
g protein 33.28 38.98 49.47 44.33 
g PEG 3.56 3.61 3.69 3.34 
00 
^otal amount of material passing into the intestine in ml, grams protein or grams I^G 
as noted. 
Table 14. (Continaed) 
3BH Ç® 
300 grams/8 hr^ 300 grams/H hr 300 grams/8 hr 300 grams/8 hr 
ml/hr mg 56 PEG ml/hr mg 55 PEG ml/hr mg ^  PEG ml/hr mg $ PEG 
i) protein^ f» protein protein ^ protein 
Total/6 hr^-I 
ml 2694-
g protein 30.68 










56 PEG recovered® 104.7 111.3 111.7 96.5 
®Per cent PEG recovered in eight hour ingesta volume in rNation to the ration PEG consumed. 
Table 15* Average flow rate and nitrogen content of ingesta passing from the abonasun of sheep R, 
vtien fed different rations 
Alfalfa-corn SBM CGM 
200 grams/8 hr^ 300 grams/8 hr 200 grams/8 hr 200 grams/8 hr 
Hour ml/hr ml/hr nl/br ml/hr ml/hr ml/hr ail/hr 
protein ^ protein ^ protein 56 protein ^ protein ^ protein ^ protein 
Initial (l)® 2^^5 215 320 204 111 152 189 
1.45 1.51 1.43 1.30 1.19 1.64 1.98 
1 364 352 400 324 245 30 101 
1.40 1.60 1.42 1.29 1.11 1.64 1.98 
2 317 415 419 298 318 162 I80 
1.36 1.38 1.43 1.16 1.16 1.55 2.00 
3 275 298 268 270 267 166 172 
1.44 1.54 1.42 1.34 1.31 1.75 1.89 
327 390 255 355 330 150 144 
1.40 1.61 1.58 1.34 1.18 1.85 2.05 
^Amount of feed offered. 
^Per cent nitrogen in abomasal fluid times 6.25. 
^Initial flow during the first 15 minutes after opening the cannula. 
Table 15» (Continued) 
Alfalfa-corn 3M COM 
200 grams/5 br^ 300 grams/8 hr 200 grams/8 hr 200 grams/8 hr 
Hour ml/hr , ml/hr ml/hr ml/hr ml/hr ml/hr ml/hr 



























































































^Total amount of material passing into the intestine in ml or grams protein as noted. 
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similar. The results given in Table 15 show that recovery of PEG from 
abomasal digesta passing into the duodenum averaged 106^3*5^ (S.E.) per 
cent of the amount fed in the ration. The PEG recoveries were excellent 
considering the flow deviation between replicate collections on differ­
ent days and between hours on the same day. The method of measurement 
may have stimulated flow slightly. This slight increase in flow may 
have been because no effort was made to replace the ten per cent sanqple 
removed from the abomasal flow. However, Harris and Riillipson (1962) 
reported a ten to 14 per cent depression in flow utilizing a chromium 
sesquioxide mazicer and a similar method of collection except that amount 
sasQ)led was replenished with abomasal digesta from a donor sheqp. 
%e quantitative aspects of digestion in ruminants have been 
studied utilizing the re-entrant caxurolae Arm the abomasum to the 
duodenum. With this type of preparation Masson and Phillipson (1952), 
Hogan and Riillipson (1960), Harris and Phillipson (1962), and Ridges 
and Singleton (1962) have studied the composition of the digesta 
leaving the abomasum of sheep. 
The dissqppearance of ash, dry matter and nitrogen prior to the 
intestines is given in Table l6. The ash content of abomasal digesta 
increased, an average of 37 per cent in comparison to the amount fed, 
excluding she^ H on the àlfàlfa-corn ration. The abomasal contents 
sanqiled from sheep H contained large quantities of sand, which had 
accumulated in the abomasum. !Ihis is the reason for the 507 to 679 
per cent increase in ash in two trials with the feeding of the alfalfa-
Table l6. Ingestion coefficients^ of nitrogen and dry matter (CM) in the retieolo-rumen 
Actual dig, coef> Calculated dig» ooef. using PEG marker 




-49 -20 -18 -36 -38 -30 -22 -16 24 
m 20 43 22 23 -27 9 35 23 
Ash -92 -45 -45 -54 -71 -679 -507 -51 -85 
Organic M 27 50 48 27 28 6*6 15 40 30 
CGM 
Nitrogen -22 -40 
-53 -29 -54 -36 - 45 -59 -17 -27 
m 48 39 39 32 30 37 29 12 49 49 
Ash 
-17 -19 -50 -37 -59 -36 - 28 -76 - 3 - 2 
Organic H 51 4-2 43 36 36 41 32 17 52 52 
SBM 
Nitrogen 
-72 -58 -20 -39 -13 -25 - 19 
-33 -23 -24 
mi 8 22 43 30 43 41 57 45 55 52 
Ash 
-75 -99 -15 -48 - 5 -33 - 12 - 7 - 4 7 
Organic M 28 14 47 35 44 46 61 49 59 55 
Urea 
Nitrogen 
-39 -41 - 44 -27 -16 -15 
m 21 23 10 29 54 53 
Ash -65 -82 - 68 -67 -18 -13 
Organic M 25 29 14 35 49 48 
^Digestion coefficients show the loss (positive coefficient) or gain (negative coefficient) of 
the ingesta from the retieolo-rumen in comparison to the ingested ration» 
Table l6. (Continued) 
Actual dig» coef. Calcalated dig, coef* using PEG marker 
Treatment Rg Rg B S 
$ % 1> 
Urea + CGM 
Nitrogen -21 -32 
-35 -14 -22 
DK 8 26 15 52 52 
Ash 
-53 -17 -20 -13 -11 
Organic M 12 28 17 55 56 
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com ration. !Qie ash passing throu^ the abomasam parceled the fluid 
and dry matter passage. Of the total organic matter (non-ash dry mat. 
tw) ingested, an average of 37 per cent disappeared before reaching 
the duodenum. The organic matter disappearance prior to the intestines 
was the greatest at 52 per cent with the SBM treatment, while the least 
disappearance was observed at 33 pw cent with the urea treatment. 
Harris and FMUipson (19^2) observed a net organic matter loss Arom 
the stoaach of sheQ) of epproximately 40 per cent with hay rations. 
The results of Qyck (19^2) indicated that some 50 per cent of the 
organic matter disappears in the stomach with high starch rations, 
tMle only 25 per cent of a less digestible straw ration disappeared 
in the stomach. VSLth alfalfa hay-com rations fed to a steer, 
McQilliard (1961) observed coefficients of organic matter digestion 
in the stomach ranging from 34^ to 51 per cent. 
The nitrogen passing throu^ the abomasum was from 13 to 59 par 
cent greater than the nitrogen ingested in the ration. Ihe average 
increase in nitrogen was 29 per cent over the ingested nitrogen. Sheep 
consumed a considerable amount of feces during th@ SBM trials making 
it impossible to estimate the quantity of nitrogen ingested, but 
estimates of the nitrogen passing the abomasum in relation to the 
ration nitrogen consumed are given as 172 and 158 per cent in two trials. 
Following these two trials, care was taken to minimize feces consumption. 
In general, the greatest increase in nitrogen over the ingested occurred 
in the two she^ fed the 3^0 gram levdL of the COM ration. An increase 
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of approximately 48 per cent was observed for these sheep on this 
ration, vhile the increase with this ration fed to the other sheep at 
the 200 gram lev^ averaged only 27 per cent. Hogan and Phillipson 
(i960), and Ridges and Sin^eton (1962) have obsesrved a net loss of 
ingested ration nitrogm in the stcmach with hay and concentrate rations 
containing over 15 per cent crude protein. However, both I^yck (19^3) 
and McQilliard (1961) have cooçared the nitrogen recoveries in digesta 
from the abcnasum and ingested ration nitrogen. Th^ have found that 
rations with less than 15 per cent crude protein were associated with 
a net gain in nitrogen passing from the abomasum over the nitrogen 
ingested in the ration, lAile the rations containing more than 15 per 
cent crude protein were associated with a net loss in the nitrogen 
passed. Harris and Phillipson (1962) noted an increase of over 50 per 
cent in the nitrogen leaving the abomasum idien a hay ration of seven 
per cent crude protein was fed. The ration fed in the present studies 
contained approximately nine per cent crude protein. Therefore, the 
increase of 29 per cent nitrogen over the ingested amount of ration 
nitrogen does not seem to be unrealistic. Most of this increase is 
probably from nitrogen recycled through the rumen wall, although the 
contribution of salivary nitrogen (Sooers, 1961a, b, c, d) and of 
abcnasal secretion (Hogan, 1957) could account for one third of the 
additional nitrogen. 
Interrelationships between dietary source of nitrogen, abomasal 
ingesta amino acids and PFAA Host of the nitrogen in abomasal 
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ingesta is probably present in amino acids, ammonia or nucleic acids. 
In the studies conducted, ammonia and 18 amino acids were measured 
following chromatographic separation. In Table 17» the results of 
these measoronents and kjeldahl nitrogen determinations on abomasal 
digesta are summarized from the four sheep fed semipurifled ratiws. 
The results from the analysis of abomasal ingesta Arom the various 
individual animals on semipurifled rations are in appendix Tables 22, 
23, 24 and 25. For sheep Rg 79.6 (range, 77.5 to 80.7) per cent of the 
total nitrogen (range, 0.16 to 0.25 per cent) in abomasal contents was 
&>om amino adds and ammonia. The amino acids measured made up 65.2 
(range, 64.1 to 67.2) per cent of the total nitrogen. The amino acids 
in abomasal digesta would probably contain 70 per cent of the total 
nitrogen if the faydrolyticly unliberated and destroyed amino acids were 
included. The ammonia nitrogen accounted for 14.4 (range, 13.5 to 15.8) 
per cent of total nitrogen and approximately 50 per cent of this am­
monia was Aree prior to the laboratory hydrolysis. Although some of 
the ammonia may have come from decomposed serine and threonine, most of 
the ammonia liberated in add hydrolysis was probably from the amide 
groups of aspartic and glutamic add as dicarbaxylic adds present in 
protein molecules generally have only one carboaqrl involved in the 
peptide linkage. Therefore the amino adds and ammonia contain at 
least 85 (70 + 15 per cent) per cent of the total nitrogen in abomasal 
digesta. The remaining 15 per cent of the nitrogen may be in nucldc 
adds tdiich are approximately 17 per cent nitrogen. Hie nucleic add 
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Table 17. Relative amino acid composition* of abonasal ingesta hydro-
lysates firom sheep on feeding different nitrogen sources in 
sodpurified diets 
Nitrogen source 
Urea^ Urea + Gof SBM® 
Amino add X" 
Xsolettdne 5.72 5.49 5.31 5.81 
Leucine 7.37 8.83 9.91 7.97 
Valine 6.59 6.34 6.00 6.51 
Threonine 6,15 5.87 5.42 6.05 
Methionine 2.33 2.3s 2.52 2.39 
Phenylalanine 4.49 4.66 5.14 4.73 
Tyrosine 4.32 4.03 4.25 4.15 
lysine 7.61 6.65 5.49 7.12 
Bistidine 2.17 2.04 2.04 2.40 
Arginine 4.25 3,62 3.87 4.34 
A^artic add 10.96 10.83 9.94 11.43 
Serine 5.79 5.69 5.64 5.43 
dutamic add 12.28 13.45 14.41 12.05 
Erdine 4.18 5.45 6.13 5.13 
Glycine 6.43 5.91 5.25 6.33 
Alanine 9.24 8.76 8.69 8.24 
DAPA 1.12 0.68 0.56 0.79 
*A11 of the individual amino adds and ammonia are expressed in 
relation to the total gravimetric concoitration of all the amino acids 
exc^t QAPA and tryptophan* 
^Average of determinations £roa sheep H» S and R^. 
^Average of determinations froai sheep H* S and Rg. 
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Tryptophan 1.04 1.04 0.78 1.26 
















^otal gravimetric concentration of all the amino acids listed, 
eocc^t DAPA and tryptophan, expressed as the amount recovered per 100 
ml hydrdlyzed abomasal ingesta. 
®Per cent nitrogen in abomasal ingesta. 
content of bacteria has beai shown to be from, ten to 30 per cent of the 
dry matter (Bd-ozersky, 1947; and Sonea et al., 1962). Hershey et iL. 
(1953) found that the nucleic acids were not destroyed after 24 hours 
of 6 N hydrochloric acid hydrolysis; with the purine, adenine, being a 
possible exception as some 4U per cent was lost in hydrolysis. Smith 
and Markham (1950) found a small amount of glycine in hydrolysates of 
yeast nucleic acids, which came from purines. 
The COM in comparison to the SBH semipurified ration was observed 
to be associated with relatively high concentrations of leucine, methi­
onine, phenylalanine, glutamic acid and proline, and with relatively 
low concentrations of isoleucine, valine, threonine, lysine, tryptophan, 
aspartic acid and glycine. When these same amino acids in CQH semi-
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purified ration, as given in Table 18, were conçared with the amino 
acid conç)osition of rumen bacteria (Table 5) similar differences were 
noted. The relative proportions of amino acids in CGM protdLn were 
reflected in abmasal digesta. By utilizing data on the amino acid 
con^osition of rumen bacteria, of the ration containing CGM, and of 
abomasal ingesta Arom lambs fed CGM in simultaneous equations it was 
possible to calculate the proportions of microbial and CGM protein 
present in the abomasum. The prq)ortion of CGM in abomasal ingesta was 
calculated using the following equations: 
aR + bM = I 
R + M = 1.00 
Where; 
a = the amino acid lev^ in CGM protein (Table 18), 
b = the amino acid level in the microbial protein or the 
microbial fraction protein (Table 6, 23» 2^ or 25). 
I = the amino add levd in the abomasal ingesta proteins 
(Table 23, 24 or 25). 
R = the proportion of CGM protein in the abomasal ingesta. 
M = the proportion of bacterial protein in the abomasal 
ingesta. 
Using these equations, the average portion of CGM protein was 
estimated to be 35»3^1 «4 (S.E.) per cent of the abomasal ingesta pro­
teins. The S.E. shows the variation between portions of CGM protein 
estimated with leucine, lysine, a^artic acid, ^ utamic acid, proline 
or glycine in the equations. With these six amino acids, statistically 
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Table 18. Relative amino acid cooçosition^ of diets 
nitrogen source 
Amino acid CGM SEN Alf.-corn 
* 
Isoleucine 4.37 5.16 3.60 
Leucine 14.67 8.50 6.86 
Valine 5.38 5.54 4.81 
Threonine 3.35 4.92 4.09 
Methionine 2.60 1.68 1.49 
Fhenylalanine 5.43 4.61 5.34 
Tyrosine 4.13 4.09 3.17 
lysine 2.07 5.87 4.76 
Histidine 2.50 2.82 2.32 
Arginine 3.30 6.50 7.45 
Aqpartic acid 6.36 11.68 9.73 
Serine 5.32 5.70 4.61 
Glutamic acid 18.34 17.83 12.65 
Proline 9.92 5.63 18.53* 
Glycine 3.49 4.53 4.62 
Alanine 8.77 4.94 5.96 
Tryptophan 0.78 1.58 
g try./100 g M 0.026 0.055 
g AA/100 g DM° 7.62 6.82 5.18 
Ammonia®, 3.34 2.69 3.91 
Nitrogen 1.51 1.41 1.85 
AH of the individual amino acids and ammonia are eaqpressed in 
relation to the total gravimetric concentration of all the amino acids 
except DAPA and tryptophan. 
Value may be off considerably due to poor peak and possible 
unknown component. 
^Total gravimetric concentration of all the amino acids listed, 
except DAPA and tryptophan, as amount recovered per 100 gram hydro-
lyzed dry matter (IM). 
'^Per cent nitrogen in diet. 
significant (P 0.05) differences were observed between abomasal ingesta 
samples from sheep fed urea and from sheep fed COM. The analysis of 
variance and the multiple range test of Duncan (1955) for these data 
are given in appendix Tables 26, 2? and 28. With the feeding of the 
ration in lAich urea r^laced half of the CGM, the abomasal ingesta 
amino acids from CC3Î were estimated to be approximately 18 per cent of 
the total abomasal amino acids. When the amino acids composition of 
bacteria isolated from the fluid or pulp fraction of rumen ingesta from 
lambs fed CGM, instead of the amino acid composition of abomasal ingesta 
from lambs fed urea, was used in the simultaneous equations, the portion 
of CC31 in abomasal ingesta was also estimated to be 35 per cent. There­
fore, it would appear that these bacterial amino acid patterns are also 
adequate for use in such equations fw predicting the proportion of 
dietary protein present in abomasal ingesta. 
It was felt that the total amount of CGM protein escaping degra­
dation would also be of interest. The total amount of CGM passing 
through the abomasum was estimated ty multiplying the proportion of 
CGM in abomasal ingesta times the amount of amino acid nitrogen re­
covered in abomasal ingesta. Approximately 46 per cent of the CGM, 
lAich was fed, was calculated to be passed through the abomasum. With 
sheq) H, S, , and the estimates of undegraded COM were 43. 56, 
42, and 51 per cent, respectiveLy. When the combination of urea and 
CGM was fed, the CGM amino acids also represented approximately half of 
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the amino acids in CCM fed. Perhaps a major proportion of the COM left 
after passing through the rumen was in the ethanol-soluble pr(Aamines 
(zein in the case of CGM) tdiich are composed of relatively large amounts 
of proline and glutamic acid amides and only small amounts of basic 
amino acids, particularly lysine. Bondi (1958) reported that com 
proteins contained approximately 50-55 pw cent prolamines, 30-45 per 
cent glutelins, 5-6 per cent globulin, while soybean proteins included 
84 per cent globulin, 6 per cent albumin and 4 per cent proteose. 
The proportion of SBM protein in abomasal ingesta from sheep fed 
SBM was estimated using arginine, glutamic acid, ^ dne and alanine 
values in the simultaneous equations, ^roodmatùy 5*0-5*8 (S.E.) per 
cent of the SBM was estimated to be undegraded. The large standard 
error indicates that essentially all the soybean protein was degraded 
in the rumen. 
For three of the sheQ) fed the alfalfa-corn ration, the abomasal 
ingesta amino acid composition is given in Table 19. In comparing the 
ingesta frcm sheep fed the alfalfa-corn ration with the ingesta Sean 
she^ fed the various semipurlfied rations, the amino add composition 
is the most similar in the ingesta of sheQ) fed urea-CGM semipurlfied 
ration. The alfalfa-corn and urea.CGM rations also contained a similar 
level of corn protein. 
¥<dler (1958) used diaminqpimillc add (DAPA), ^ ch is found only 
in bacteria, to confute the amount of bacteria passing from the rumen. 
In the present studies attenqpts to use the DAPA in abomasal content as 
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Table 19. Relative amino acid composition^ of abomasal ingest a hydro-
lysates fï>om sheep fed an alfalfa.com ration 
Sheep R Sheep H Sheep S 










Leucine 9.50 9.01 8.64 8.55 9.53 
Valine 7.20 7.22 6.26 6.41 6.93 
Threonine 5.80 5.14 6.12 6.05 6.44 
Methionine 2.32 2.60 2.98 2.46 2.34 
Fhemylalanine 5.62 5.51 5.70 4.25 5.89 
%rrosine 4.16 4.80 5.17 3.70 4.14 
lysine 5.98 5.88 6.56 6.46 5.89 
Histidine 4.28. 3.40% 3.59 2.83 2.37 
Arginine 4.32° 4.32° 4.90 3.57 3.75 
Aspartic acid 8.97 11,11 9.60 11.41 9.79 
Serine 4.81 5.96 4.36 5» 61 3.85 
ŒLutamic add 8.85 14.83 12.43 12.95 14.03 
Proline 7.36 5.62 5.76 5.42 3.91 
ŒLycine 6.08 6.10 4.88 6.67 3.72 
Alanine 9.31 5.71 7.18 7.82 8.18 
DAPA 0.71 1.27 0.79 0.69 0.98 
^AU of the individual amino acids and ammonia are expressed in 
raLation to the total gravimetric concentration of all the amino acids 
except DAPA and tryptophan. 
^Estimates based on the concentration in other saoules given in 
the table. 
Table 19. (Contimed) 
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Sheep R Shew H Sheep S 
Amino add 900 grams/day 600 grams/day 
% 56 % 
Tryptophan® 0.89 0.88 1.02 0.95 
g try./TOO ml 
g AA/100 ml* 
0.0108 0.0100 0.0058 0.0069 
1.01 1.28 1.24 0.408 0.74 
Anmonia* 3.59 2.65 2.3'f 4.29 2.56 
Nitrogen® 0.25 0.23 0.22 0.12 0.15 
"^Value based on grams of tryptophan divided by the estimated gram 
amino acids (AA): lAere estimated grams of AA equals the per cent 
nitrogen (N) times 0.65 (fraction of N recovered as AA in sheep Rg) 
divided bgr the average per cent N in the abcmasal AA. 
^Total gravimetric concentration of all the amino acids listed, 
except DAPA and triptophan « expressed as the amount recovered per 100 
ml hydrolyzed abcmasal ingesta. 
^Per cent nitrogen in abcmasal ingesta* 
a bacterial marker were unsuccessful because of the variation in the 
DAPA levd in bacteria from animals fed different dietazy sources of 
nitrogen. The microbial material passing from the rumen vas not 
entirely bacteria bat contained relative few protozoa, prt^ably less 
than 1 z 10^ par ml of mostly Entodinium. This is considerably less 
than the reported rumen protozoa numbers. A number of authors have 
observed protoioa numbers of approximately 5 x 10^ to 1 x 10^ per ml 
(Lengemannn and Allen, 1955: Clarke, 1964; Harmeyer and Hill, 1964-). 
Weller et al. ( 1962) report that even under the conditions in tAich 
protozoa numbers are large, only ten to 25 per cent of the microbial 
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nitrogen may come îem protozoa* 
The urea and the SBH semipurifled rations were associated with 
abomasal amino acid patterns (Table 17} lAich were vexy similar to the 
amino acid patterns in rumen bacterial proteins (Table 5), even though 
the SBM proteins (Table 18) contained more arginine and glutamic add 
and less lysine in ccnçarison to the rumen bacterial proteins. This 
was taken as being good evidence that most of the SBM protein was 
degraded and most of the abomasal amino acids result from the rumen 
microbial proteins. 
The FFAÂ concentrations in she^ H» S and Rg are presented in 
appendix Tables 29* 30 and 31. The plasma from she^ fed the CQi 
ration was found to contain more Aree methionine, leucine and proline 
and less free isoleucine, threonine, lysine and tryptophan in comparison 
to the plasma from these same sheep tdien fed the SBM ration. AH. of 
these differences were also reflected in abomasal digesta. Abomasal 
differences in nonessential amino acid such as glutamic acid, aspartic 
acid and glycine were not necessarily reflected in the plasma. Perhaps 
the most dramatic differences may be observed by comparing the urea 
treatment with the COM treatment. With the feeding of C@I rations, 
plasma concentrations and relative abomasal levels of leucine, methio­
nine, phenylalanine, and proline were higher than with the feeding of 
urea rations. Rie differences were less dramatic lAen CGM replaced 
one-half of the urea. The plasma and abomasal ingesta fl-om the three 
she^ fed this combination were found to contain more leucine and pro-
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line, and less arginine than with the urea ration. 
The differences in relative levels of essential amino acids in the 
abomasuffl due to dietary sources of nitrogen were similar to differences 
observed in the PFAA levels of lambs fed similar dietary sources of 
nitrogen in growth trials (Trials two and five; Iheurer, 1962). The 
PFAA concentrations observed in these trials are in sgopendix Tables 32 
and 33* For example, a low abomasal lysine level due to the feeding 
of CCM was reflected as a low plasma lysine level. If a significant 
(P<0.05) difference was observed in the level of an essential amino 
acid in the abomasum of lambs fed different sources of nitrogen, this 
difference was then correlated with the level of that amino acid in 
plasma from lambs fed the same sources of nitrogen. The sheep fed CCM 
had significantly lower relative levels of isoleucine, valine, threonine 
and lysine in abomasal ingesta than she^ fed SBH or urea. In growth 
Trials two and five, the plasma levels of these amino acids were also 
lower Kdien the plasma from lambs fed C@( was compared with the plasma 
from lambs fed SEM or urea. SheQ) fed CCM had significantly more 
leucine than sheep fed SBH or urea. The plasma from lambs fed COM also 
contained the highest leucine concentration. The abomasal leucine 
level in sheep fed SBH was significantly higher than in sheq) fed urea. 
This difference was reflected in the plasma. Therefore, the signifi­
cant (P 0.05) differences in relative abomasal ingesta levels of the 
essential amino adds were reflected in 15 out of 16 comparisons with 
the plasma growing lambs. One exception was in the threonine level in 
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the plasma of lambs fed SBM in Trial two. 
When the essential amino acids in the plasma of the fistulated 
she^ were considered as well as the PFAA in the growing lambs, the 
relative differences in levels of leucine, isoleucine and lysine in 
abomasal ingesta were consistently reflected in the PFAA. Most of 
these differences appeared to be due to the presence of undegraded CC3Î 
in abomasal ingesta. The CGM ration sçpeared to have the greatest in^ 
fluence on leucine, lysine and proline levels in both abomasal ingesta 
and plasma. 
In general, when all of the amino acids, nonessential and essential, 
were compared as ration treatments, the levels of aspartic acid, glutamic 
acid, and ^ cine in plasma were not correlated with levdLs present in 
the abcmasum. In studies with the young pig, Puchal et (1962) noted 
that the diet had very little effect on plasma levels of aspartic acid, 
glutamic acid, alanine and glycine. They also rQ)orted that some amino 
acids, such as histidine and threonine, did not vary in the plasma, 
Wiile other amino acids, such as phenylalanine and methionine, showed 
plasma concentrations which seemed to be determined more by the nature 
of the ^ ecific dietary protein than the actual amount present in the 
protein. In the present study, the only essential amino acid not re­
flected in plasma from abomasal ingesta was phenylalanine. This amino 
acid would be affected by the tyrosine levd. which can replace one-half 
of the phenylalanine requirement. 
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The total PFÂA concentration in sheep plasma ranged between 23 and 
36 fflg per ICQ ml. For trial five» the relative amount of the various 
free amino acids in the total PFAA is given in s^endix Table 34, 
Glycine was present in the greatest concentration at 16 to over 20 per 
cent of the total amino acid weight. Puchal (1962) noted a r^ativd.y 
great concentration of glycine in the blood of young pigs fed either 
fish meal or meat meal, ^ Aile pigs fed either dried skim milk, soybean 
meal or cottonseed meal had a lower proportion of glycine. In sheep 
blood plasma, methionine and cystine were two essential amino acids in 
extremely low concentrations. In pig blood plasma, the proportion of 
methionine and qrstine was also low, particularly in pigs fed soybean 
meal. Fuchal (1962) and dark (1963) found that the pigs fed soybean 
meal responded to methionine siqiplementation both in plasma methionine 
levels and in animal perfozvance. 
The PFAA concentrations in lambs fed a corn-cob type diet contain, 
ing different sources of supplemental nitrogen (Growth Trial 3; Theurer, 
1962) are shown in appendix Table 35. The plasma of sheep fed com and 
cob rations supplemented with CCM was lower in lysine and threonine, 
and higher in valine, methionine, leucine and proline than the plasma 
of sheep receiving supplemental nitrogen as urea or SBH. The plasma 
concentrations of lysine, threonine, methionine, leucine and proline 
in the lambs fed the conventional fattening rations are probably re­
flections of abomasal amino acid patterns. The differences in abomasal 
amino acid patterns observed with the semipurified rations and these 
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sane sources of additional nitrogen support this statement. The dif. 
ferences in plasma concentrations of these amino acids are in the same 
direction as abomasal differences lAen the different sources of addi­
tional nitrogen were compared. 
PFAÂ concentrations in sheq; fed the alfalfa-corn ration are shown 
in «^pendix Table 36. The FFAA patterns observed in sheep fed the 
conventional corn-cob ration or alfalfa-corn ration were similar to 
patterns observed in sheep fed senipurified rations. It may be con­
cluded that the ab<masal differences with fattening rations and the 
effects on plasma patterns are similar to the abomasal differences and 
plasma effects observed in lambs fed semipurified rations. 
Influence of administering amino acids with the ration (orally) or 
into the abomasum on plasma amino acids The amino acid supplemen­
tation of rations with either methionine» lysine or tryptophan had a 
variable effect on the concentration of these amino acids reaching the 
abomasum. Tryptophan supplementation to the ration containing COM was 
without effect on the abomasal concentration (0.78 per cent. Table 1?) 
of this amino acid in samples taken after three and fourteen days of 
tryptophan feeding. The influence of additional methionine or lysine 
in the ration is given in Table 20. The abomasal methionine level was 
approximately 2.86 per cent of total amino add concentration Wien the 
ration was supplemented. The unsupplemented rations resulted in a 
2.26 per cent abomasal methionine concentration. The increase in 
methionine in the abomasum accounted for 27 per cent of the added 
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Table 20. Relative abcnasal ingesta amino acid cœçosition following 
methionine or lysine supplementation^ 
Urea + Methionine (0,2^) CGM + Lysine (0.2^) 
Sleep S She^ H Sheep S Shem H 
Amino add 
Isoleucine 5.57 5.77 
Leucine 6.80 7.46 
Valine 6.16 6.90 
Threonine 6.08 6.19 
Methionine 2.86 2.86 
Phenylalanine 4.69 3.94 4.90 5.43 
Tyrosine 4.46 4.73 4.34 4.40 
lysine 4.98 4.51 
Histidine 1.99 1.98 
Arglnlne 3.20 3.25 
Aspartic acid 10.16 11.20 
Serine 5.15 5.52 
SLutsmic add 12.04 12.26 
Proline 5.13 4.90 
Glycine 6.07 5.86 
Alanine 9.91 8.48 
OAPA 1.37 1.27 
g AA/100 ml^ 1.03 0.76 1.23 1.10 
^Per cent amino acid or ammonia in relation to total gram amino 
acid recovered# as listed excluding DAPA, in bydrolyzed abomasal con­
tents. Sone of the amino adds were s^arated chromatographicly and 
no individual values are given. 
^Total gram abcnasal amino acid recovered, as listed exduding the 
available values for OAPA» in 100 ml hydrolyzed abomasal contaits# 
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methionine idien the increased methionine and estimated amount of abo-
masal ingesta were considered. The amount of abomasal ingesta was 
estimated from PEG studies conducted earlier with these sheep fed the 
urea ration. Ninety per cent of the methionine increase was not re­
leased in abomasal digestion. Therefore it ^ ears that most of the 
increase in the methionine level is in the microbial protein and is not 
as a result of free methionine, which has not been metabolized in the 
rumen following the consumption. 
lysine supplementation to the ration did not increase the lysine 
concentration reaching the abcmasum. In fact, only 4.74 per cent lysine 
was measured in the presence of supplemental lysine lAile the same 
sheep on this ration without lysine had a 5*^ per cent lysine concœ-
tration. The lysine fed in the ration was probably rapidly degraded 
in the rumen. The lower relative abomasal lysine concentration in the 
presence of the supplemented lysine may have been due to a depressed 
ruminai digestibility of the com protein in the presence of the more 
available lysine nitrogen. The lysine supplemented to the ration would 
have supplied very little additional nitrogen. In a performance trial. 
Little (I960) supplemented lysine to a similar corn ^ uten meal semi-
purified ration and observed no response, possibly even a depression, 
in comparison to similar unsupplemented rations. Several othw studies 
have not shown an advantage from lysine supplementation to various 
types of ruminant rations (garters et 1961; Kdarl ^  ^., 1961; 
I%rion and Jones, 1961: Hinds and Mansfield, 196I; Roberts, 196I; 
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Gossett et 1962). However, Hale et al. (1959) has observed an 
Increase in performance of lambs and steers lAien lysine was supplemented 
to a high corn ration. 
Prom the results of these eogeriments, it appears that the lack of 
a response from amino add supplementation is due to the lack of a micro, 
bial need and/or the destructive situation in the rumen so that almost 
no amount of the supplemaited amino acid reaches the intestine for 
absorption. Methionine is a possible exception in that it may stimu­
late microbial fermentation (Trenkle, 1958) or nitrogen retention 
(ELosterman et al., 1951b). Sv^lemental methionine may also increase 
the amount of methionine available for digestion and absorption in the 
abomasum and intestine. Some investigators have shown a response in 
ruminant performance from supplemental methionine (Loosli and Harris, 
1945; Lof green et , 1947; Trenlde, 1958; Griffith et , 1959). 
ïrenkle (195b) fed a urea semipurified ration similar to the ration 
fed in these esqperiments, A number of researchers have observed no 
stimulus with methionine supplementation (Klosterman et al., 1951a: 
Gallup et al., 1952; Noble et al., 1953» 1955; Little, 1960; Hinds and 
Mansfield, 19b1; and Gossett et ^ ., 1962). Certainly any response 
from supplementing an amino acid would be due to effects either within 
the rumen or within the metab(^sm of the animal. 
No consistent effect on the total PFAA or ca the various individ­
ual PFAA was noted from by-passing the rumen and supplementing the 
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amino acids directly into the abomasum (sqopendix Tables 37, 38 and 39), 
Generally the supplemented amino acid showed no increase in the plasma 
at nine hours after feeding; however, there is some indication from the 
results in the tryptophan studies that the plasma responses occurred 
shortly after feeding and disappeared by the sampling time at nine 
hours post-prandial, figure 3 shows graphically that the plasma free 
tryptophan increases shortly after the abomasal supplanentation, but 
by the next feeding returns to the same level as observed without abo. 
masal tryptophan supplementation. 
1.5 
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0 8 0 6 2 4 6 2 8 
Hour after feeding 
Figure 3. Plasma free tryptophan with time after either oral (x) or abomasal (o) supplementation 
at 0.1 per cent of the ration 
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QSNERAL DISCUSSION 
The dietary source of nitrogen in sonipurified rations has been 
shown to influence lamb growth in the earlier studies of Little (196O) 
and Theurer (1962). These authors observed the most r£^id growth in 
lambs fed SBH and the slowest growth in lambs fed rations with urea 
supplying most of the nitrogen. Lambs fed CGM generally grew at a rate 
somewhat intermediate to those fed SBH or urea. It is difficult to 
deteznine whether influence from the dietary source of nitrogen on 
growth are fr<m effects within the rumen as on the rumen microorganisms, 
îrm effects within the metabolism of the animal or from a conbination 
of effects. It was hoped in the present studies that the influence of 
dietary sources of nitrogen within the rumen would be reflected by dif­
ferences in the ruminai amount of digestion products and in the total 
ruminai digestion Wiile the influence of sources within the metabolism 
of the animal would be at least partially reflected by differences in 
plasma levds of the various free amino acids. The sum of the processes 
occurring within the rumen may be measured as the fermentation products 
absorbed throu^ the rumen wall, gases lost through eructation and 
ingesta passed firm the rumen throu^ the abomasum. The data on the 
passage of organic matter through the abomasum may give some indication 
for the inferiority of the urea treatment, and possibly even the CCM 
treatment, in promoting lamb growth and feed efficiency in conQ)arison 
to the SM treatment. The greatest amount of organic matter was ab. 
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sorbed when the SBM ration was fed, while the least amount was absorbed 
•vdien the urea treatment was fed. The high rumen dry matter associated 
with the urea treatment may go with the data showing a reduced diges­
tion, The reduced, digestion in the lambs fed urea may result from the 
lack of adequate nitrogen several hours after feeding because nitrogen 
which is highly available following consunçtion would have been dis­
sipated by this time, Vlhereas the somewhat reduced ruminai digestion 
of the CGM ration might result from the lack of available or soluble 
nitrogen. In digestion trials, both little (I960) and Theurer (1962) 
observed reduced digestion of the CGM ration dry matter in comparison 
to the SBM ration» Most of the reduced digestion was accounted for in 
the less available carbohydrate, cellulose. The results of Iheurer 
indicated that a small amount of available nitrogen as urea stimulated 
cellulose digestion. Since, CGM is a by-product of the corn wet milling 
process and contains varying amounts of corn solubles, it could be 
expected that some lots of CGM might contain enough available nitrogen 
so as to circumvent the reduced digestibility. 
The similarity in abomasal amino acid patterns in sheep fed rations 
containing urea or SBM makes it difficult to associate these amino acid 
patterns with the inferior growth observed by Little (I960) and Theurer 
(1962) with sheq) fed urea in comparison to sheep fed SBM. The SBM 
protein appeared to be almost completely degraded and resynthesized 
into microbial protein in the rumen, according to calculations on the 
degree of ration protein source amino acid pattern reflection in abo-
I l l  
masal ingesta. However, approximately 50 per cent of the COM protein 
was not degraded in the rumen, regardless of Aether the ration contain­
ed CC3f as the major nitrogen source or lAether one-half of the CCM 
nitrogen was replaced by urea. McDonald (1954) fed sheQ) a senipurified. 
ration in irfiich the corn protein zein contributed 94 per cent of the 
nitrogen. Using a number of assumptims and the analysis of abonasal 
ingesta, McDonald was able to calculate that only 40 to 50 per cent of 
the zein was converted to microbial protein. 
The nitrogen digestibility prior to the abomasum was observed to 
have a negative digestion coefficient of approximately 30 per cent. 
Similar average increases from net ration nitrogen to the net abcmasal 
nitrogen were observed with all of the different nitrogoi sources. 
This magnitude of nitrogen gain has been reported by other authors 
feeding a similar nitrogen level at slightly over one per cent (Mc&l-
liard, 1961; lyck, 1962; Harris and Phillipson, 1962), The gain in 
nitrogen was an indication of the contribution of the recycled nitrogen. 
The digestion trial studies of Little (I960) and Theurer (1962) showed 
that lambs receiving the same basic semipurified rations digested ap­
proximately 70 per cent of the ingested nitrogen as shown by fecal 
nitrogen studies. These authors observed similar nitrogen digestibility 
coefficients irrespective of the nitrogen source. This earlier digest­
ibility data together with the digestibility data on the nitrogen 
sources prior to the abomasum would support the premise that the intes­
tinal digestion was similar for all of the nitrogenous materials reach­
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ing the àbamasum irrespective of the nitrogen source fed in these 
experiments. 
(Oie most inçortant function of the nitrogen in ruminant rations 
is in supplying nitrogen for amino acid synthesis or in preformed amino 
adds, i&ich are needed for maintenance and production. Whether all 
different nitrogen sources are of equal value in ultimately siq)plylng 
the essential amino acid needs is open for debate. In the rumen» a 
large amount of nitrogen is utilized to become microbial constituents. 
The greatest portion of the nitrogen passed to the abcmasum was found 
to be present in the microbial proteins, while a smaller amount of 
nitrogen has been reported to be present in the microbial nucleic acids. 
On acidic and basic hydrolysis, approximately 70 per cent of the total 
microbial nitrogen was estimated to be in amino acids and approximately 
15 per cent was estimated to arise from ammonia. Almost half of the 
ammonia was present in the Aree form, lAile most of the other half 
probably came from amides lAich were formed with acidic amino acids, 
Ihe bacterial amino acids were not found to be greatly influenced 
by the nitrogen sources used in these studies. The nitrogen sources 
may have influenced to a limited extent the portion of tzyptpphan, 
tyrosine, phenylalanine, leucine, proline and serine in the bacteria. 
The urea treatment was associated with the lowest concentration of all 
aromatic amino acids. The amino acids in bacteria did not reflect the 
amino acids of the protein source idien relative proportions of all amino 
acids were considered. 
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ïhe rumen bacteria from lambs on all treatments were found to 
contain diaminopimilic acid (DAPA) * idiich has been used as a marker of 
ruminai bacterial nitrogen (Weller, 1958). However, the use of DAPA 
as a marker in these studies proved to be unsatisfactory because the 
urea nitrogen source was associated with high bacterial DAPA levels* 
The rumen bacteria frm lambs fed SBM or COM contained 25 per cent less 
DAPA than the bacteria from lambs fed urea* The DAPA lev^ in rumen 
bacteria reported by Weller was intermediate to the level observed in 
the present studies in bacteria from lambs fed urea and bacteria from 
lambs fed SBM or CGM. 
W.no acid analysis of samples of different protozoa species and 
of samples within a protozoon species, indicate that both within and 
between species there was a somewhat variable amino acid composition 
particularly in portion of lysine, arginine and ^cine* Whether 
bacteria or protozoa have the better amino acid portions or quality is 
open to question. The nitrogen of protozoa may be more digestible 
(Johnson et al,, 19#; McNaught et £L., 1954) and more recoverable in 
amino acids, but bacteria generally contain more nitrogen. While the 
lysine, isoleucine and glutamic add content in protozoal protein are 
hi^M" than in bacterial protein, the methionine, threonine, valine and 
alanine content are hi^er in bacterial protein. In the lamb and prob­
ably all ruminants, methionine may be the most limiting amino add as 
will be discussed latw. The higher bacterial methionine content would 
be of the greatest significance in comparing the gross amino add por­
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tions. 
The bacterial amino acid portions were strongly reflected in the 
abomasal ingesta from lambs fed both the urea and SBM sonipurified 
rations. This was not unexpected as most of the amino acids would 
come from bacteria. However, abomasal contents from lambs fed CCM 
rations reflected a 30 to 40 per cent portion of corn protein. This 
portion represents half of the CGM fed. The most iriportant role of the 
abomasal proteins and amino acids is in supplying the requirement of 
each essential amino acid. The amino acid requirements of various 
monogastric species are compared with amino adds available for 
digestion after rumen fermentation in Table 2U The amino acid require­
ments expressed as a per cent of the protein for the chicken and the 
rat are taken from the recommendations of the National Research Council 
and the requirements given for swine are taken from a report by Hayes 
(1961). The amino acid proportions in bacteria and abomasal ingesta 
are taken from results given earlier in the text. 
Methionine appeared to be the most limiting amino acid in abomasal 
ingesta. Although half of the methionine requirement may be replaced 
by cystine, there is not enough cystine in the microbial protein to 
make up the deficit. No quantitative results were obtained for qystine 
following the acid hydrolysis, but in the literature values reported 
range from 0,7 to 0,9 per cent (Weller, 1957; Fauconneau, 1964; Holler 
and Harm^er, 1964), In discussing methionine and pysteine levels, the 
requirements will be considered as the total sulfUr amino acids. When 
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Table 21. The amino acid requirements, as a per cent of the ration 
protein, of various species in comparison to the amino acid 
proportions available for digestion in sheep abomasum 
Specific requirement Abomasal level 
Amino acid Chick Rat Swine Urea CGM Bacteria 
Methionine 4.0^ 3.0* 3.3* 2.33 2.52 2.1-2.4^ 
Tryptophan 1.0 0,8 0.8 0.94 0.75 1.1-1.4 
lysine 5.0 4.5 5.0 7.6 5.5 6.9-7.6 
Histidine 1.5 1.5 1.5 2.2 2.0 1.5-1.8 
Phenylalanine 3.5 3.0 2.5 4.5 5.1 4.6-5.4 
Leucine 7.0 4.0 4.6 7.4 9.9 7.4-8.2 
Isoleucine 3.0 2.5 3.5 5.7 5.3 6.1-6.5 
Threonine 3.0 2.5 3.5 6.2 5.4 5. >6.5 
Valine 4.0 3.5 3.1 6.6 6.0 6.8-7.4 
Arginine 6.0 1.0 1.8 4.2 3.9 3.3-4.3 
^One-half may be replaced with qystine. 
^Range six different samples. 
the cystine levds reported in the literature are added to the methio­
nine levels obtained by analysis in the present study, the total sulfur 
amino acids are from 3.1 to 3.3 per cent of the total amino acids re­
covered the hydrolysates of abomasal ingesta or bacteria. This lev^, 
lAich lambs and probably all ruminants receive for digestion in the 
abomasum, and digestion and absorption in the intestinal tract, may be 
coBg)ared with requirements given for other ^eeies. The sulfUr amino 
acid requirement of rats and swine is very similar to the sulfur amino 
acid lev^s received by ruminants. The sulfur amino acid requirement 
of the growing chick is ggaproximat&ly 20 to 25 per cent hi^er than the 
requirements listed for the growing rat or pig. According to Block and 
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Weiss (1956), the growing chick may require a hi^er levd. of sulfur 
amino acids due to the growth of feathers which may contain as much as 
ten per cent cystine. A co#@rable situation exists in sheep due to 
"Uie rapid growth of wool lAich may contain 11 to 14 per cent qrstine 
(Reis and Schinckel, 1963, 1964). The requirement for sulfUr amino 
adds in sheep would be expected to more closely parallel the chick 
requirement, than the rat and pig requirement. While it might be pos­
sible to increase the sulfur amino acid intake by increasing the ration 
protein level, it s ems inprobable that this would be effective because 
rations with over 15 per cmt crude protein show an increasing net 
protein loss fircm the rumen (probably as ammonia) with increasing ration 
crude protein levels (Hogan and Phillipson, I960; McGilli.ard, 1961; 
Qrck, 1962; Ridges and Sin^eton, 1962). The results of Nelson and 
Evans (1958) indicated that the sulfur amino acid requirement in rd.a-
tion to the total amino acids would be hi^er for the lactating rat 
than for the growing rat. This result is particularly interesting in 
view of the marginal supply of sulfur amino acids for ruminant growth, 
and the efficiaicy of protein utilization for milk production in the 
dairy cow. Biis suggests that dairy cows and other lactating ruminants 
mi^t respond to increases in abomasal lev^s of sulfur amino acids. 
Tryptophan would be the second limiting amino acid as shown in 
Table 21. This amino acid would be particularly limiting lAen high 
levels of COI or corn protein are fed, since com protein has been 
shown to be poorly degraded and low in tryptophan i&ile the microor­
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ganisms are marginal in tryptophan content. Preston (1961 ) suggests 
that tryptophan is the most limiting amino acid in microbial protein 
synthesized entirely from urea, Ellis et al. (1959) reported that 
rumen levels of tryptophan were correlated with nitrogen balance, bio­
logical value and ingested tryptophan. Earth et al. (1959) report that 
tryptophan and methionine additions to semipurilied rations containing 
urea resulted in inqprovosent in the utilization of nitroga*. 
The third limiting amino add in abonasal ingesta would probably 
be lysine. This is particularly true with ruminants fed rations with 
a large amount of the total nitrogen from corn. Even with high COl 
rations the proportion of lysine in abomasal ingesta was sli^tly hi^er 
than the proportion of lysine required by other species. On only one 
occasion out of seven was the abonasal lysine observed to fall below 
the five per cent levd. is the estimated req[uireaent in comparison 
to the growing chidc or pig. 
If an amino add is limiting production, a nonruminant will in­
crease production upon supplementing the amino add to the ration. A 
number of reports have shown that lambs may respond to methionine added 
in the ration (Loosli and Harris, 1945; Lofgreen et al., 1947: Trenkle, 
1958; Earth et al., 1959; cariffith et , 1959). However, these 
responses may not be due entirely to the making up of a defidt in the 
requirement but due to ruminai factors as Trenkle pointed out after 
observing that the supplemental methionine increased cellulose digestion 
in in vitro ejqperiments. Research by Williams and Hoir (1951) has shown 
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that methionine supplementation increases the ^  vivo growth of rumen 
microorganisms. But the results of Earth et (1959) indicated that 
methionine supplementation did not influence digestibility of nutrients. 
In the present studies methionine was observed to be increased in the 
abonasal ingesta lAien the amino acid was added to -Uie urea semipurifled 
ration. The increase was in bound methionine and represented only 27 
per cent of the methionine in the ration. The supplementation of 
methionine directly into the abooasum was compared with the supplemen-
tation in the ration. VCLth the she^ which consumed 600 grams of 
ration per day, the total PFAA were observed to drop dramatically when 
the methionine was supplemented abomasally. The greatest effect was on 
the amino acids considered to be essential. This may reflect amino 
acid balance and a resulting increase in amino acid usage for tissue 
protein synthesis. While the other sheep, which consumed 900 grams of 
ration per day, had an increase in plasma methionine but no drop in the 
total PFÂÂ. Reis and Schinckei 1963, 1964} supplemencea several 
sources of sulfur amino acids directly to the abomasum and consistently 
observed a great increase in wool growth ranging from 35 to 227 per 
cent with an average response of approximately 114 per cent. 
None of the lysine or tryptophan supplemented to the CGM ration 
was recovered in abomasal ingesta. On abomasal supplementation, neither 
lysine nor tryptophan were increased in the plasma at nine hours after 
feeding. However, studies with tryptophan have shown that abomasal 
supplementation results in a rise in the plasma free tryptophan shortly 
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after feeding, but this rise gradually decreased until plasma level 
reached the same level as the unsupplemented by the time of the next 
feeding. The addition of either lysine or tryptophan directly to the 
abomasuffl rather than to the ration resulted in a slight reduction in 
the total PFAA lAen lysine was considered, and a variable effect on the 
total PFAA lAen tryptophan was considered. Ihe sheep fed the lower 
ration level showed consistent reduction in the total PFAA when tiyp-
tophan was supplemented to the abomasom. This was true particularly 
in the amino acids essential in metabolism. Thus indicating the pos­
sible increase in tissue protein synthesis. Earth et (1959) found 
that lambs fed hi^ urea semipurifled rations retained more nitrogen 
when tryptophan was supplemented to the ration. Hale et (1959) 
reported growth responses by adding lysine to the ration. Several 
authors have shown no advantage from lysine supplementation to various 
types of ruminant rations (Barbers et , 1961; Kolari et al., 1961; 
Marion and Jones, 1961; Hinds and Ifônsfi^d, 1961; Roberts, 1961; 
Gossett et al., 1962; Preston et al., 1964), lysine supplementation 
has been shown to have depressing effects on growth in the r^ort of 
Little (I960). Little utilized the same basic senipurified ration as 
was used in the present studies. Studies by Devlin and Woods (1964^) 
with steers fed all corn-hi^ concentrate rations indicated abomasally 
infused lysine increased the nitrogen retention sli^tly, but nonsig-
nificantly. They also r^orted that steers given lysine in the ration 
retained significantly less nitrogen than the control and infused grot^s 
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of steers* 
The continuous nature of flow from the abomasum was observed in 
studies with re-entrant cannulae. The disappearance of the various 
fractions from the rumen has been considered, and it sqppears that the 
continuous flow of protein from the rumen results in a steady digestion 
and absolution of amino acids. This continuous absorption of amino 
acids results in a portal and jugular FFAA level i6ich varies only 
sli^tly from one feeding to the next. The levds of the various in­
dividual amino acids in jugular plasma appeared to be the most similar 
to the levels in portal plasma at toi to 12 hours after feeding. There 
was a slight fall in the total PFAÂ amino adds following feeding, but 
portal and jugular PFAÂ. remained parallel. The fall in amino acids may 
reflect an increased tissue protein synthesis due to the increased 
availability of energy from the lannen after feeding. 
The PFÂA pattern was observed to reflect the differences observed 
in the abomasal ingesta amino acid patterns, therefore nitrogen sources, 
idiich are not degraded in the rumen such as COM, are reflected in the 
FFAA patterns in the same direction as the source differs from micro­
bial proteins in amino acid c(»^osition. Amino acids tdiich cannot be 
synthesized in ruminant metabolism (essential amino acids) are partic­
ularly well reflected with the exception of phenylalanine. Shanbaugh 
et al. (1931) have observed that phenylalanine supplementation failed 
to exert an effect on the plasma level of this amino acid. Proline, 
and possibly serine, appear to be two nonessential amino acids tdilch 
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are reflected frm the abomasal ingesta to the plasma* The other neu­
tral and basic amino acids are reflected in the plasma to a varying 
extent, The acidic amino acids, aspartic and glutamic acid, are not 
reflected in the PFAA« 
VS.th pigs Fachal et al. (1962) noted that differences in dietary 
levels of phenylalanine, methionine, histidine, threonine, asfpartic 
acid, glutamic acid, alanine and glycine were not effectively reflected 
in the plasma* The individual amino acids such as aspartic acid, ^ u-
tamic acid and ^cine changed in their portion of the total amino acids 
from the abomasum to the plasma, but this was not uneq)ected as acidic 
amino acids have been shown to undergo considerable transamination im­
mediately after absorption (Wilson, 1962). In the growth trials and 
ingesta studies urea rations were associated with the highest level of 
plasma glycine. 
Plasma samples taken during growth trials were observed to reflect 
the amino acid pattern of com lAen this source was fed, indicating 
that a significant portion of the corn protein was digested and absorbed 
posterior to the rumen. The plasma leucine and proline were present in 
the highest concentration with sheep fed GGM as compared to the sheep 
fed SEN or urea* The COM ration was associated with the lowest plasma 
lysine concentrations* These PFAA observations were made in trials 
which involved sheep fed semipurified rations in two growth trials and 
sheQ) fed natural rations in another growth trial as well as in the 
abomasal ingesta studies. This indicates that the amino acid patterns 
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in the abomasum of growing sheep fed CGM were probably similar to the 
patterns observed in the fistulated she^ fed COM. The failure of SBK 
to exert effects on plasma amino adds was not unexpected due to the 
lack of consistent SBM effects in caq)arison to urea effects on the 
abomasal amino add proportions. This was probably due to the degra­
dation of SBM and resynthesis of new amino adds prior to intestinal 
digestion. It has been suggested (Theurer, 1962) that the similarity 
of essential amino acids in SBK and microbial protdn may be the reason 
for this lack of a consistent effect on PFAA, but abooasal amino acid 
patterns observed in the present study did not reflect the presence of 
any undigested SBM. 
Plasma amino add data suggest that the low proportion of lysine 
in com protein is more exs^gerated in the plasma of growing lambs as 
cooçared to the Ustulated lambs idiich were fed to maintain body wei^t. 
Thus, it appears that the rela"td.ve proportions of the more limiting 
amino acids are lowered in plasma of sheep as has been observed with 
swine (Pachal ^  1962; dark, 196]), dogs (Longnecker and Hause, 
1959), rats (Morrison et al., 1961; We^e et al., 1962) and chicks 
(Hill et ri., 1961). 
In the present studies, there is no evidence of any amino acid 
being defident, but more work needs to be done with the probable limit­
ing amino adds such as methionine, tryptophan and lysine to determine 
Aether these may be limiting performance in certain situations. The 
problem in studying the need for an amino add is in effecting a physio. 
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logical change or response that can be attributed to an increase of 
the amino acid in animal metabolism. Ration supplementation of an 
amino acid is almost totally ineffective in causing a response in that 
amino add in the abcroasum and thus in animal metabolism» Due to 
ruminai destruction of ration supplemented amino acids, it sppears that 
a response might be affected throu^ by-passing the rumen or by feeding 
an indestructable source of the amino acid. 
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SUMMARY 
ïhe influence of dietary sources of nitrogen on the amino add 
omposition of rumen bacteria, abomasaL ingesta and blood plasma vas 
studied in intact and fistulated lambs fed semipurified diets contain­
ing urea, soybean meal or corn gluten meal as different sources of 
nitrogen. The amino acid composition was rather uniform in hydrolysates 
of rumen bacteria isolated from the fluid or the pulp fractions £rm 
rumen ingesta of lambs fed the various sources of nitrogen, %e amino 
acid conq)osition within and between rumen protozoa species was somewhat 
variable. In general, rumen protozoal proteins were found to contain 
more lysine, isoleucine and glutamic add than rumen bacterial proteins. 
Bacterial proteins tended to have higher levels of methionine, threonine, 
valine and alanine. 
The relative levels of amino acids were similar in abomasal ingesta 
from lambs fed soybean meal and urea. Abomasal ingesta from lambs fed 
corn gluten meal tended to have more leadne, ^ utamic acid and proline 
and less lysine, isoleucine, valine, threonine, aspartic add, ^ cine 
and diaminppimilic add as compared to lambs fed urea or soybean meal. 
The total amount of nitrogen passing through the abomasum was ap-
projfimat^ 30 per cent greater than the amount fed in the ration. The 
amount of nitrogen in the form of microbial amino adds was d^endent 
on the source of nitrogen fed. calculations indicated that essentially 
all the soybean proteins were degraded in the rumen *Mle only about 
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50 per cent of the corn gluten meal was degraded by microbial action 
in the rumen. 
A number of the differences in amino acid patterns, particularly 
with the essential amino acids, of abcmasal ingesta frcxa lambs fed the 
différait sources of nitrogen were also reflected in the plasma Aree ^ 
amino adds. The high lev^ of leucine and low level of lysine in 
corn protein were particularly reflected in amino acid patterns observed 
in blood plasma from lambs fed corn gluten meal. 
The concentrations of free amino acids in plasma from jugular and 
portal vein blood vere found to be similar from two to 24 hours post­
prandial. Plasma amino acids tended to be decreased at four hours after 
feeding and then were returned to prefeeding lev^s by 12 hours follow­
ing feeding. In other studies, the flow of ingesta Arom the abomasum 
into the intestine was continuous following feeding; thereby, suggest­
ing that the drop in plasma amino acids following feeding is not the 
result of a decrease in quantities of amino acids available for absorp­
tion in the intestine. 
The possible limiting amino acids for ruminants were postulated to 
be methionine, tryptophan and lysine. The lev&Ls of tryptophan and 
lysine were not increased in the abaaasum by supplementation of the 
re^ective amino acids to the ration. The concentration of methionine 
in the abomasum was only sli^tly increased by adding methionine to the 
ration. Abomasal supplementation of these three amino acids did not 
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influence amino acids in the plasma vdien samples were obtained nine 
hours after supplementation. More extensive studies with tryptophan 
indicated that plasma levels were increased shortly after abomasal 
supplementation but the increase was dissipated within eight hours. 
At four hours after feeding, the concentration of ruminai ammonia 
was the highest in lambs fed urea and lowest in lambs fed corn gluten 
meal. The higher ammonia concentrations tended to be paralleled by 
increased volatile fatty acids concentrations. Both the ammonia and 
the volatile fatty acid concentrations in lambs fed the semipurified 
rations were similar to concentrations in lambs fed conventional fatten, 
ing rations as reported by other investigators. Neither the branched. 
chain volatile fatty acids nor free amino acids in rumen fluid appeared 
to be related to the quantities of these in the ration. The concentra, 
tion of rumen free amino acids, particularly the alanine concentration, 
was the highest in lambs fed the urea semipurified ration. 
Studies on the flow of ingesta from the abomasum indicated that 
more organic matter disappeared Arom the rumen of lambs fed a semi­
purified ration containing soybean meal as compared to lambs receiving 
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APPENDTX 
Methods and Tables 
•Analytical methods 
Amino acid analysis Jugular blood was obtained by venous 
puncture. Blood specimens were immediately mixed with 0.1 ml sodium 
h^arin solution (three mg) in the collecting test tube. The heparin, 
ized blood was centrifuged and the plasma removed within the hour. A 
ten ml plasma aliquot was immediately deproteinized with picric acid. 
The picric acid and protein-free plasma supernatant was stored at minus 
20° C in polyethylene bottles until a later date. Supernatant was 
prepared for column chromatogrsphy as described by Stein and Moore (195^)» 
The concentration of plasma free amino acids was determined by the 
method of Moore and Stein (1954), and Moore (1958), except for 
the modifications in the chromatography cited by Puchal (1962). Calcu­
lations of the PFAA concentration were based on the portion of the 
8,34 ml chromatogr^hed. The chromatography of amino acids was similar 
to those presented by Moore et al. (1958), Zacharius and Talley (1962). 
Proline and citruUine were not separated, but proline has a r^atively 
great optical density yield at WO mu in comparison to its yield at the 
570 mu. CitruUine has a much greater yield at the 570 mu than at the 
440 mu. Utilizing this characteristic in simultaneous equations, quan­
titative estimations could be calculated from the total optical density 
measured at 440 and 570 mu. The basic nihhydrin*positive components 
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were chrooiatogr£^hed in a manner lAioh was very similar to that describ­
ed in detail by Iheurer (1962). The riuding buffer was a pH 4.56, 
0.35N citric acid buffer preserved with phenol. 
The plasma free tryptophan was determined fluorometricaTly accord, 
ing to a modification of the method of Hess and Udenfriend (1959). 
Prior to analysis samples were stored at minus 20° c in polyethylene 
bottles, but once the analysis was started, no stopping point was used 
prior to the final dilution. One ml blood plasma was mixed with three 
ml of an eight per cent (w/v) trichloroacetic acid solution and then 
centrifùged. Two ml were diluted to 25 ml with 0.1 N and three 
ml of the diluted solution were pipetted into a test tube. Next 0.1 
ml 18 per cent formalddiyde was added to the tube tMch then was covered 
with a ^ ass marble and placed in a boiling water bath for 19 minutes. 
Then 0.1 ml of a five per cent aqueous solution was added to each 
tube and the heating was continued for another 19 minutes. Following 
rapid cooling in a cold water bath ten ml of 0.1 N was added. 
The fluorescence was measured in a spectrophotofluorometer (G. K. 
Turner Model No, 110) with an activation maximum 365 mu and a fluorés, 
cence maximim 440 mu. A standard curve was plotted and used in esti­
mating tryptophan concaatrations. 
The amino acid ccoposition in the feed was determined as follows. 
A 250 mg sanç)le was hydrolyzed in 35 of 20 per cent (v/v) hydro­
chloric acid for 22 hours at 112^ C under a constant boiling reflux. 
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Following hydrolysis the solution was filtered through No. 42 Whitman 
filter paper. The solution was made up to 50 ml with the water rinses 
of the filter paper. The hydrochloric acid was removed tqr repeated 
concentration of the solution under reduced pressure at less than 60° C 
on a rotary evaporation apparatus. The resultant was made up to the 
original volume with 0.02 N hydrochloric add. Approximately 1.5 mg 
crude protein were used on the column for amino acid chromatography 
using the same analytical system as for chromatography of plasma amino 
acids. Smaller amounts (30 mg in 35 ml hydrochloric acid) of dried 
microbial material were hydrolyzed. Abomasal contents were hydrolyzed 
using three ml of vdiole abomasal contents in the 35 ml hydrochloric 
acid. 
Basic hydrolysis was used for determining tryptophan in abomasal 
contents, feed and microorganisms. Three ml idiole abomasal contents 
or 100 mg dried material were put into solution with the base by heat­
ing in alkali resistant test tubes so that the final solution of ap­
proximately four ml was 5»5 N BafOHig* The test tubes were sealed in 
a water saturated nitrogen atmosphere of a glass jar. The jars were 
then placed in an autoclave and held under 15 pound per square inch 
pressure for 12 hours. After cooling the sauries were washed with 
water into polyethylene beakers and neutralized by adding 3.0 N HgSOj^ 
with constant stirring to a phenylthalein end point. The resultant 
was diluted to 40 ml with 0.1 N and centrifUged. Ten ml of the 
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supernatant was again diluted with 0,1 N H^SO^ to 25 ml. Subsequent 
steps were similar to steps described in the determination of plasma 
free tryptophan following the initial dilution step as described above. 
A standard curve was plotted based on internal standards tMch were 
recovered in excess of 90 per cent. 
ïhe recovery of the standard amino acid pr^arations, and the 
repeatability between duplicate plasma sançles or duplicate hydrolyzed 
samples is presented in appendix Table 40. ïhe recovery of amino acids 
frcm standard solutions containing 0,5 to one micromole was satisfactory 
and cwsistent. The repeatability or deviation from the mean of dupli­
cate plasma or hydrolysate samples was generally less than five per 
cent lAen the amino acid was present in quantities greater than 0,07 
micromole or 10.5 micrograms. 
Twenty-two hours was thought to be an optimum time for acid hydro­
lysis, but it is recognized that certain amino acids, such as valine 
and isoleucine, may increase with longer hydrolysis times. However, 
other amino acids such as serine, threonine and tyrosine may decrease 
to a greater extent with longer hydrolysis times. The decomposition 
of serine and threonine may give rise to ammonia according to Crest-
field et al. (1963). Hydrolysis of similar samples by Kandatsu (1963) 
indicates an error of approximately five per cent in quantitative 
results. 
The error in the hydrolysis and estimation of tryptophan was 
generally less than five per cent. 
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Polyethylene ^ col analysis Analysis of polyethylene glycol 
(PEG) in abomasal fluid was by the turbidimetric method of Hyden (1955). 
Ten ml of ^ ole abomasal contents were diluted to 25 ml with water and 
mixed. After standing at 4° C for one hour and low speed centrifugation 
to remove the coarse material, a 2 ml sample was mixed with 8 ml water. 
In three sequences of five minutes, additions were made in the follow­
ing order: two ml of ten per cent (w/v) Badg: four ml (0,3N) 33(011)^; 
and lastly, four ml (0.3N) ZnSO^^. !Bie resultant was filtered through 
Ko. 50 Whitman paper. Five ml of the filtrate were reacted with five 
ml of a solution containing 30 per cent (w/v) trichloracetic acid and 
five per cent (w/v) BaClg. Exactly five minutes later transmittance 
was measured at 430 mu in a Beckman B spectrophotometer. Prior and 
during analysis care was taken so that samples were exposed to a 
minimum amount of light. 
Volatile fatty acid analysis Ten ml of rumen fluid were drawn 
from the rumen by stomach tube and mixed with 0.5 ml of five per cent 
mercuric chloride. The fluid was ceiitrifUged at 8000 rpm for 30 min­
utes in a Serval (type SS-1) centrifuge. Five ml of the supernatant 
were mixed with one ml of fresh 25 per cent (w/v) meta*phosphoric add 
solution. At this point, the samples were stored at 4° C in air tight 
polyethylene bottles. Next, the contents were centrifuged at 12,000 
rpm and five ml of the supernatant were mixed with 0.5 ml one per cent 
amyl alcohol as an internal standard. The samples were stored at 4° C 
in air tight ^ ass tubes until chromatographic analysis. Between one 
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and two microliters of the sample containing VFA was injected into 2 m 
X 2 mm telfon column. The column was packed with 91*25 per cent 60 to 
80 mesh acid washed chromosorb W idiich was coated with 7*5 per cent 
polyethylene ^ycol 400 monostearate and 0,75 per cent 85 per cent 
solution of phosphoric acid. The carriw gas was helium, lAile the 
injection port temperature was 252° C and oven temperature was 119^ C. 
(Die instrument was a Beckman GC2A with a hydrogen flame ionization 
detector. 
Ammonia analysis Ammonia concentrations were measured by the 
method of Varnes et jg.. (1953) as modified by Bust (1963). A three ml 
aliquot of a sample of rumen fluid, taken and prepared in the same 
manner as described for volatile fatty acid analysis, was placed with 
20 ml of water and ten ml of borate buffer (six gm sodium hydroxide 
and 94 gm sodium tetraborate per 1) in a round bottom flask. The 
contents were vacuum (airejector) distilled at 50-55° C into 25 ml 
boric add solution. The distillates were titrated with 0.01 N hydro­
chloric acid solution to the end point of the blank utilizing three 
drops of a mixed indicator (225 mg methyl red and 83 mg methylene blue 
per 100 ml 95 per cent ethyl alcohol). 
Other analysis The kjdLdahl method was used to determine the 
nitrogen content of ten ml of idiole abomasal fluid. Jjcy matter analysis 
was accomplished by drying ten ml of ^ ole abonasal contents in porce­
lain crucibles in a 70° C oven for I6 hours. Ash was determined on the 
dried sançle by placing the crucible in an muffle furnace heated to 
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600° C and held for two hours, Sançles of feed and microorganism 





Table 22. Relative amino acid C0mg)08iti0n^ of abonasal ingesta hydro-
lysates from sheep fed different nitrogen sources in 
senipurified diets 
Nitrogen source 








Leucine 10.14 9.99 0.30 8.17 
Valine 6.07 6.12 6.53 6.71 
Threonine 5.91 5.40 5.67 5.72 
Methionine 2.41 2.41 2.09 2,49 
Phenylalanine 5.15 4.95 5.29 5.05 
Tyrosine 4.30 4.34 4.01 4.17 
lysine 5.93 5.27 7.99 6.63 
Histidine 2.41 1.86 2.82 2.33 
Arginine 4.24 4.01 5.31 3.71 
A^artic acid 10.31 10.17 11.48 11.96 
Serine 5.52 5.13 5.08 5.18 
(Eutamic acid 13.91 15.17 11.57 13.14 
Proline 5.36 5.58 4.83 4.65 
Glycine 5.11 6.04 6.13 6.54 
Alanine 7.05 8.25 7.04 8.09 
DAPA 0.50 0.35 0.59 0.74 
Tryptophan^ 0.74 1.06 
^All of the individual amino acids and ammonia are expressed in 
relation to the total gravimetric concentration of all the amino acids 
except DAPA and txTptqphan. 
^Valae based on grams of tryptophan divided by the estimated grams 
of amino acids (AA): inhere estimated grams of AA equals the per cent 
nitrogen (N) times 0,65 (fraction of N recovered as AA in sheep Rg) 
divided by the average per cent N in the abomasal AA. 
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Table 22. (Continued) 
nitrogen source 
Amino add COM 1 CGK 2 SBM 1 SBM 2 
% * * 
g try./lOO ml m 0.008 0.011 
g AA/100 ml 
Ammonia 
1.11 1.42 0.41 0.90 
3.39 3.32 4.84 
Nitrogen 0.29 0.31 0.22 0,20 
Total gravimetric concentration of all the amino acids listed, 
except DAPA and tryptophan, expressed as the amount recovered per 100 
ml hydrolyzed abomasal ingesta. 
^Per cent nitrogen in whole abomasal ingesta. 
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Table 23* Relative amino acid eoB^osition of abomasal ingesta hydro, 
lysates from she^ R2 fed different nitrogen sources in 
seanipnrilied diets 
Nitrogen scarce 








Leucine 7.96 8.99 10.89 7.80 
Valine 6.84 6.50 6.26 6.66 
ïhrecmine 6.16 6.07 4.99 6.41 
Methionine 2.47 2.66 2,91 2.44 
Phenylalanine 4,91 5.02 5.76 4.77 
Tyrosine 4.26 3.79 4,43 4.51 
lysine 6.83 6.44 5.08 6.81 
HLstidine 2.22 1.98 2.07 2.63 
Arginine 4.17 2.77 3.71 3.98 
Aspartic acid 10.34 10.98 9.55 11.69 
Serine 5.88 5.83 5.36 5.29 
Glutamic acid 12.28 13.47 14.18 11.69 
Proline 3.52 5.01 6.08 5.30 
Glycine 6.34 5.74 4.71 5.99 
Alanine 10.03 9.10 8.55 8.09 
DAPA 1.02 0.71 0.59 0.61 
Tryptophan^ 1.11 0.95 0.67 1.29 
All of the individual amino acids and ammonia are expressed in 
relation to the total gravimetric concentration of all the amino acids 
exo^t DAFÂ and tryptophan. 
^Value based on grams of tryptophan divided by the estimated grams 
of amino acids (AA) ; «here estimated grams of ÂA equals the per cent 
nitrogen (N) times 0.65 (fraction of N recovered as AA in sheq) Rg) 
divided by the average per cent N in the abomasal AA. 
I6i 
Table 23* (Oontlnued) 
Nitrogen scarce 
Amino acid Urea iUrea + &CCM cm SBK 
g try./lOO ml 























°Total grariaetrlo concentration of all the amino acids listed, 
except DAPA and tryptophan, e^^ressed as the amount recovered per 100 
ml hydrolyzed abonasal ingesta. 
S>er cmt nitrogw in ^ ole abomasal ingesta. 
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Table 24. E&Lative amino acid conposition of abomasal ingesta hgndro. 
lysatds îvoa. sheep S fed different nitrogen sources in 
seaiparified diets 
Nitrogen source 








Leucine 6.76 8.21 9.34 7.34 
Valine 6.37 6.28 5e54 6.24 
Threonine 6.28 6.00 5.66 6.41 
Methionine 2.23 2.08 2.16 2.29 
Phenylalanine 4.23 4.51 4.73 4.47 
Tyrosine 4.19 4.29 4.19 3.90 
lysine 8.08 7.31 5.34 6.10 
Bistidine 2.20 2.43 2.01 2.28 
Arginine 4.63 4.48 3.32 4.03 
Aspartic add 11.28 10.98 10.06 11.73 
Serire 5.77 5.65 6.20 5.90 
Glutamic add 11.66 11.81 15.17 12.36 
Proline 4.61 5.57 7.02 6.04 
Glycine 6.64 6.51 5.28 6.52 
Alanine 9.34 8.49 8.98 8.28 
D&PA 1.38 0.48 0.43 1.00 
Tryptophan^ 1.15 1.00 0.80 1.19 
^ALl of the individual amino adds and ammonia are expressed in 
relation to the total gravimetric concentration of all the amino acids 
except DAFA and tzyptophan. 
^Value based on grams of tryptophan divided bgr the estimated grams 
of amino acids (AA): fàere estimated grams of AA equals the per cent 
nitrogen (N) times 0.65 (fraction of N recovered as AA in she^ R2) 
divided by the average per cent N in the abomasal AA. 
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Table 24. (Contimed) 
Ritrogen source 
iodno acid Urea inrea + f CCM CGH SBH 







g AA/100 Ml® 0.81 0.79 1.20 0.47 
inmonia* 4,80 4.05 4.24 3.03 
Nitrogen 0.20 0.21 0.24 0.21 
^Total gravimetric concentration of all the amino adds list®!, 
eaccq)t SAFA and tryptophan, expressed as the amount recovered per 100 
ml bydrolyzed abomasal ingesta. 
^Per cent nitrogen in lAole abomasal ingesta* 
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Table 25* Relative amino acid composition of abonasaOL ingesta hydro, 
lysates £em sheep H fed different nitrogen sources in 
semiporified diets 
Nitrogen source 






Leucine 7.39 9.30 9.35 8.50 
Valine 6.54 6.25 6.11 6.53 
Threonine 6.03 5.54 5.36 5.68 
Methionine 2.30 2e40 2.62 2.53 
Phenylalanine 4.83 4.44 5.01 4.51 
Tyrosine 4,52 4.02 4.06 4.09 
lysine 7.92 6.19 5.93 7.58 
Histidine 2.08 1.70 1.95 2.10 
Arginine 3.94 3.60 4.32 4.83 
Aspartic acid 11.27 10.53 9.89 10.58 
Serine 5.73 5.60 5.68 5.40 
(Eutanic acid 12.73 15.08 13.76 11.79 
Proline 4.42 5.78 5.95 4.45 
(Hycine 6,31 5.47 5.42 6.47 
Alanine 8.36 8.68 9.18 9.02 
DAPA 0.96 0.86 0.78 0.88 
Tryptophan^ 0.86 1.18 0.88 1.52 
AH of the individual amino acids and ammonia are expressed in 
relation to the total gravimetric concentration of all the amino acids 
exc^t D&PA and tiyptqphan. 
^Vaille based on grams of tryptophan divided by the estimated grams 
of amino acids (AA); i*ere estimated grams of AA equals tho per cent 
nitrogen (N) times 0.65 (fraction of N recovered as AA in sheq) Rg) 
divided by the average per cent N in the abomasal AA. 
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Table 25. (Conbimed) 
Nitrogen source 
Amino acid Urea iUrea + CGM SBH 
g try./lOO ml 
g AA/100 ml® 
Amonla* 
Nitrogen 
0.008 0.013 0.011 0.014 
0.6? 1.03 0.65 0.77 
2.26 3.40 4.6* 3.71 
0.18 0.22 0.24 0.18 
°Total gravimetric concentration of all the amino acids listed, 
except DiPA and tryptophan, expressed as the amount recovered per 100 
ml hydrolyzed abomasal ingesta. 
^Per cent nitrogen in vhole abomasal ingesta* 
Table 26. Analysis of variance on relative abcmasal ingesta amino add concentrations data Arom 




ISO Leu Val 
Mean square 



































C C-HJ U S 
5.31 5.49 5.72 5.81 
C OrtJ S U 
6.00 6.34 6.51 6.59 
U S 0«J C 
7.37 7.97 8.83 9.91 
Threonine: 
C OfU S U 
5.42 5.87 6.05 6.15 
^Level of probability, 0.10 = *, 0.05 = **» 0.025 =***, 0.01 = ****, 0.005 = *****. 
^Ary two means not underscored by the same line are significantly different at the 0.05 level 
of probabilllgr. 
Table 27* Analysis of variance on relative abomasal ingesta amino aeid concentrations data from 




Tyr lars His 
Mean square^ 
































C 04U S U 
5.49 6.65 7.12 7.61 
C 0«J S U 
0.56 0.68 0.79 1.12 
"levdL of probability, 0.10 = », O.O5 = **, 0.025 = »*», 0.01 = *»»», O.OO5 = »*»*». 
Any two means not underscored by the same line are signifieantly different at the O.O5 levd 
of probability. 
Table 28. Analysis of variance on relative abonasal ingesta amino add concentrations data from 
sheqp fed different sources of nitrogen in semipurified rations 
Source of D.P. Mean square^ 































C 0«I U S 
9.94 10.83 10.96 11.43 
U S 0+0 C 
4.1B 5.13 5.45 6.13 
GLutamic add: 
S U 0«I C 
12.05 12.28 13.45 14.41 
GELycine: 
C 0+U S U 
5.25 5.91 6.33 6.43 
^Level of probability, 0.10 = *, O.O5 = **, 0.025 = ***, 0.01 = *•**, O.OO5 = ••*•». 
b Any two means not underscored by the same line are significantly different at the O.O5 level 
of probabilité 
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Table 29. PFAA concentrations^ in sheep R2 fed senipurified diets 
containing different sources of st^>plemsital nitrogen 
Nitrogen source 
Amino acid Urea^ Urea + cof CGH® sm® 
mg # mg f, mg ^  Mg # 
Isoleucine 0.97 1.06 0.80 1.06 
Leucine 0.87 1.45 1.77 0.91 
Valine 1.89 2.39 2.29 2.18 
Threonine 1.20 1.73 1.90 2.13 
Methionine 0.42 0.40 0.47 0.34 
cystine 0.34 0.10 0.14 0,20 
Phenylalanine 0,38 0.81 1.31 0.69 
tyrosine 0.37 0.98 1.34 0.94 
lysine 1.03 1.10 1.72 2.28 
Bistidine 1.14 1.32 1.95 1.42 
Arginine 1.27 0.79 1.52 1.57 
Tryptophan 0,20 0.32 0.63 0.70 
A^artic acid 0.17 0.18 0.14 0.29 
Serine 3.39 3.62 3.82 3.70 
GLutanic add 1.36 1.34 0.87 0.83 
Proline 1.04 4.05 1.81 1.02 
ŒLycine 7.90 6.67 5.64 6.43 
Alanine 1.69 1.90 1.56 1.88 
Taurine 1.03 0.77 0.88 0.77 
dtrulline 2.47 2.36 2.31 1.81 
Ornithine 0.66 0.50 0.85 0.91 
Urea 14.50 10.45 11.79 17.18 
Ammonia 0.87 1.06 0.80 0.60 
Values expressed as mg per 100 ml (mg %), 
^Fed 200 grams every ei^t hours. 
®Fed 300 grams every ei^t hours. 
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Table 30. PFM conc^tratlons^ in ^ eQ) S fed semipurified diets 
containing different sources of supplemental nitrogen 
Kiti-ogen source 
WLno add Urea Urea + CCM cm SBH 
mg # mg # mg # mg $> 
Isoleudne 0.81 0.75 1.03 1.41 
Leucine 0.57 1.14 1.73 1.32 
Valine 1.70 1.66 1.90 3.06 
Threonine 1.23 1.33 1.22 2.62 
Methionine 0.32 0.23 0.38 0.51 
Qystine 0.33 0.22 0.20 0.22 
Phenylalanine 0.58 0.36 0.79 1.00 
Tyrosine 0.60 0.77 0.89 1.31 
lysine 1.3% 0.90 1.43 2.35 
ELstidine 1.06 0.79 1.80 1.57 
j&rginine 1.00 0.92 1.31 1.69 
Tryptophan w 0.24 0.29 0.70 
A^artic add 0.22 0.21 0.26 0.21 
Serine 3.57 3.07 2.65 3.25 
GLutaoic acid 1.50 1.32 1.36 1.54 
Proline 0.84 0.98 1.56 0.94 
Glycine 8.49 9.65 10.00 6.92 
Alanine 1.85 1.62 1.99 2.28 
Taurine 0.76 0.66 1.05 0.66 
CitruHine 1.42 2.56 2.80 2.17 
Ornithine 0.53 0.63 0.76 1.00 
Urea 9.44 1,30 2.68 15.85 
Ammonia 0.66 0.45 0.71 0.82 
Values e3q)ressed as mg per 100 ml (mg ^ ). 
^Lost in analysis. 
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Table 31, PFÂÂ concentrations^ in sheep H fed senipurified diets 
containing different sources of supplemental nitrogen 
^aino acid 
Nitrogen source 
Urea Urea + CCM SBM 
mg % mg 55 mg # mg # 
Isoleucine 0.94 0.60 0.71 1.42 
Leucine 0.84 0.97 2.13 1.36 
Valine 1.91 1.32 1.82 2.86 
Threonine 2.29 1.73 1.79 2.44 
Methionine 0.28 0.26 0«34 0.49 
cystine 0,24 0.36 0*28 0.32 
Phwylalanine 0.56 0.59 1.08 0,75 
Tyrosine 0.92 0,92 1,60 1.07 
lysine 1.79 1.17 1.06 2.46 
Histidine 1.42 1.42 1,76 1.41 
Ârginine 1.08, 0,82 1.15 1.48 
Tryptophan 0 0.62 0,36 0,85 
Aspartic acid 0,16 0.16 0,16 0,20 
Swine 1.89 1.36 1.32 3.32 
(xLutanic acid 0.90 0.79 0,69 1.43 
Proline 1.16 1.55 1.77 0,85 
Glycine 6,52 3.91 4.69 5.84 
Alanine 1.91 1.58 1.53 2,39 
dtmlline 1,48 1.15 1,48 1.95 
Ornithine 1,14 0.Ô? 0.97 0.80 
ismonia 0.69 0.61 1.11 0.63 
^Values expressed as mg per 100 nL (mg #). 
^Lost in analysis. 
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Table 32. PFAA concentrations^ in lambs fed a semipurifled diet 
containing different nitrogen sources^ 
Nitrogen source 
Amino acid Urea + GGM CCH SBM 
mg i '' mg # mg # 
Isoleacine 0.88 0.92 1.00 
Leucine 2,18 2.24 1.52 
Valine 2.25 2.25 2.26 
Threonine 1.83 1.87 1.81 
Methionine 0.43 0.19 0.27 
cystine 0.18 0.25 0.45 
Phenylalanine 1.26 1.72 1.12 
Tyrosine 1.88 1.76 1.63 
Ursine® 1.13 1.45 2.12 
ELstidlne® 1.71 1.96 1.65 
Ar^nine^ 1.99 2.06 2.23 
A^partic add 0.27 O.W 0.41 
Serine 2.20 2.57 2.20 
(Eutamic add 2.10 2.93 2.71 
Proline 2.01 1.57 1.10 
Glycine 8.28 7.3^ 6.76 
Alanine 1.99 2.57 2.51 
Taurine 1.40 1.64 1.38 
dtrulline 2.04 1.96 2.04 
Ornithine® 0.97 1.16 1.3'^ 
Urea 9.81 14.41 12.46 
Ammonia® 0.79 1.06 0.99 
Values expressed as mg per 100 ml (mg $). 
^Blood samples from trial two described by Ihearer (1962). 
®Data obtained by Thearer (1962). 
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Table 33* PFAA oonoentratlons^ in lambs fed a smipwified diet 
containing different nitrogœ sources^ 
Nitrogen source 
Amino acid Urea cm SBM 
ng # Bg # mg # 
Isoleucine 1.14 0.71 0.89 
Leucine 1.31 1.68 1.50 
Valine 2.60 2.11 2.60 
Threonine 1.74 1.49 1.56 
Methionine 0.33 0.42 0.26 
cystine 0.18 0.26 0.07 
Phenylalanine 1.49 1.19 0.96 
O^rrosine 1.25 1.85 1.34 
lysine® 2.85 1.32 2.31 
Histidine® 1.35 1.21 1.26 
irginine® 2.07 2.39 2.35 
Aspartic add 0.16 0.21 0.39 
Serine 2.54 2.00 1.93 
Glutamic acid 1.71 1.62 1.71 
Proline 1.49 2.02 1.40 
Glycine 6.51 5.24 4.42 
Alanine 1.93 1.76 2.00 
Taurine 0.89 1.43 1.14 
Citrulline 2.30 2.10 3.22 
Ornithine® 1.44 1.12 1.67 
Urea 13.46 11.67 11.17 
Ammonia® 0.93 1.03 0.85 
\alues expressed in mg per 100 ml (mg ^ ). 
^Blood sangles from trial five described fay Iheorer (1962). 
'^Data obtained by Ihearer (1962). 
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Table 34. Relative PFAA. compositions^ in lambs fed a semipurifLed diet 
containing different nitrogen sources" 
Nitrogen source 






Leucine 4.29 6.16 5.57 
Valine 8.50 7.73 9.68 
Threonine 5.69 4.32 5.78 
Methionine 1.07 1.53 0.97 
cystine 0.59 0.95 0.26 
Phenylalanine 4.86 4.36 3.57 
Tyrosine 4.09 6.78 4.99 









A^artic acid 0.52 0.78 1.44 
Serine 8.31 7.33 7.20 
Glutamic add 5.58 5.93 6.35 
Incline 5.21 7.65 5.22 
Glycine 21.31 19.22 16.44 
Alanine 6.32 6.47 7.43 
Mg AA/100 ml° 30.47 27.22 26.88 
^er cent amino add in relation to total mg per 100 ml of plasma 
in the amino adds per 100 ml plasma» as listed excluding cystine. 
^Calculation based on the concentration obtained from the data of 
Theurer (1962). 
^Total mg per 100 ml of plasma in the amino adds listed except 
cystine. 
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Table 35* PFAA concentrations^ in lambs fed a corn-cob diet containing 
different sources of supplemental nitrogen" 
Supplemental nitrogen soBrce 
imino acid Urea 1^ Urea + CC2Î CO! SBH 
mg # rag 56 mg # mg # 
Isoleucine 0.91 1.06 1.15 1.06 
Leucine 1.47 2.36 2.32 1.73 
Valine 2.12 2.71 3.06 2.56 
Threonine 1.70 1.92 1.42 1.83 
Methionine 0.25 0.39 0.55 0.28 
Cystine 0.16 0.24 0,10 0.13 
Hierylalanine 0.97 1.09 1.14 0.91 
Tyrosine 1.36 1.69 1.92 1.79 
lysine 3.74 3.02 2.66 3.80 
ELstidine 1.47 1.61 1.32 1.17 
jlrglnine 2.03 2.19 2.20 1.96 
Aspartic acid 0.24 0.25 0.25 0.26 
Serine 3.35 2.55 2.49 2.59 
Glutamic acid 1.72 1.74 1.63 1.71 
Rroline 1.76 2.00 2.85 1.46 
Glycine 7.60 5.50 4.95 4.16 
Alanine 2.22 2.45 2.30 2.10 
Taurine 0.68 1.50 1.89 1.45 
dtrulline 2.22 2.41 2.74 2.67 
Ornithine 1.40 1.64 1.58 1.57 
Urea 20.00 23.42 31.74 39.23 
Ammonia 0.61 0.92 0.83 0.61 
Values expressed as mg per 100 ml (mg ^ ). 
^Blood saiqples îrm trial three described by Iheurer (1962). 
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Table 36. FFÂA concentrations^ in sheqp fed an alfalfa-eom diet 
Amino acid Sheep ^  Sheep I Av.^ 
mg f mg % mg % mg % 
Isdeacine 0.99 0.80 0.92 0.91 
Leucine 1.31 1.17 1.19 1.22 
Valine 2.16 2.02 2.43 2.26 
Threonine 1.64 1.51 1.62 1.59 
Methionine 0.26 0.26 0.35 0.30 
Qystine 0.21 0.28 0.34 0.30 
Phenylalanine 0.68 0.80 d 0.74 




Aspartic acid 0.14 0.16 0.14 0.14 
Serine 2.36 2.15 2.47 2.36 
(xLutanic acid 0.91 0.80 0.98 0.92 
Proline 1.38 1.20 1.73 1.51 
Glycine 4.22 3.59 4.40 4.15 
Alanine 1.62 1.61 1.66 1.68 
Taurine 0.50 0.53 0.80 0.66 
dtrulline 3.13 2.71 4.02 3.47 
Ornithine 0.86 
Urea 16.92 18.61 26.75 22.26 
Anmonia 0.99 
Values eoqpressed as ng per 100 ml (ng ^ ). 
^Saaples taken two days apart» 
^Sheep R and sheep I are given equal weight in the average. Some 
values obtained from the short column analysis of pooled sangles, and 
therefore no individual analysis values are given. 
in analysis. 
177 
Table 37« PFAA concentrations^ as influenced methionine supplemented 
either in the ration or directly into the abcmasum 
Sheep H Shew S 
iiaino acid Oral Abemasal Oral Èi^masl 
mg ^  mg $ mg $ mg # 
Isoleucine 0,67 0.85 1.09 0.54 
Leucine 0.68 0.64 0.82 0.18 
Valine 1.80 1.65 2.09 0.79 
Threonine 1.54 2.61 1.30 0.65 
Methionine 0.38 0.59 0.31 0.17 
cystine 0,16 0.56 0.31 0.25 
Phenylalanine 0.57 0.71 0.45 0,16 
Tyrosine 0.93 1.07 0.54 0.22b 
lysine 1.69 1.22 1.35 
Histidine 0.86 1.21 1.24 D —M. 
Arginine 0.6a 0.91 0.79, D 
Tryptophan D 0.49 0 0.38 
Aspartic acid 0.15 0.23 0.12 0.24 
Serine 2.98 2.17 3.78 2.34 
GbLutandc acid 1.07 1.16 1.54 1.49 
Proline 1.05 1.27 1.37 0.42 
Glycine 6,14 4.23 7.41 4.12 
Alanine 1.54 1.99 1.68 1.18 
Taurine 1.07 b 1.12 0.54 
Citrulline 1.21 2.41. 1.21 0.90. 
Ornithine 0.80 b 0.51 D 
Urea 11.44 b 9.40 4.63. 
Ammonia 0.65 1.48 0.73 D 
Values expressed as mg per 100 ml (mg {6). 
^Lost in analysis. 
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Table 38. FFAA. concentrations^ as influenced by lysine supplemented 
either in the ration or directly into the abomasum 
Shew S Sheep H 
iUaino acid Oral Abomasal Oral Abmasal 
mg # mg # mg # mg ^  
Isoleucine 0.«5 0.83 1.07 0.79 
Leucine 1.96 1.69 2.05 1.55 
Valine 2.01 1.85 2.90 1.73 
Threonine 1.3% 1.01 2.01 2.40 
Methionine 0.51 0.34 0.74 0.32 
cystine 0.21 0.12 0.18 0.39 
Phenylalanine 0.94 0.57 1.25 0.92 
Tyrosine 1.06 0.75 2.21 1.38 
lysine 1.22 1.14 2.46 1.92 
HLstidine 1.60 1.55 1.51 1.72 
Arginine 1.15 0.71 1.34 1.01 
Tryptophan 0.3k 0.22 0.64 0.56 
Aspartic acid 0.22 0.19 0.27 0.16 
Serine 3.18 3.00 4.19 1.39 
GLutamio acid 1.71 2.11 1.83 0.96 
Proline 1.24 1.30 2.30 1.76 
Glycine 10.18 9.34 7.90 7.92 
Alanine 1.56 1.68 1.95 2.34 
Taurine 0.86 1.07 0.68 b 
dtruUine 2.67 2.11 2.02 1.47 
Ornithine 0.75 0.65 1.03 0.71. 
Urea 3.96 2.23 8.53 D 
Ammonia 0.59 0.63 0.73 0.79 
Values G3q>ressed as mg per 100 ml (mg )G). 
^Lost in analysis» 
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Table 39* PFAA concentrations^ as influenced by tryptophan supplemented 
either in the ration or directly into the abmasum 
Sheep H Sheep S 
Amino acid Oral ibomaââl Oral ^omasal 
rag % mg % mg $) sg # 
Isoleucixie 0.91 1.13 1.02 0.86 
Leucine 1.74 2.25 1.77 1.63 
Valine 2.31 2.74 1.93 1.91 
Threonine 2.48 3.36 1.71 1.60 
Methionine 0.52 0.56 0.50 0.37 
cystine 0.35 0.37 0.19 0.32 
Fherylalanine 1.12 1.58 0.96 0.69 
Tyrosine 1.94 2.27 1.24 1.01 
lysine 2.15 2.06 1.77 1.40 
Bistidins 1.06 1.33 1.48 1.51 
Arginine 0.90 1.22 1.33 1.38 
Tryptqph:% 0.75 0.76 0.49 0,49 
Âspsrtic add 0.23 0.22 0.19 0,19 
Serine 2.48 3.71 2.99 3.26 
Glutamic add 1.50 1.18 1.18 1.73 
Proline 1.18 1.85 1.35 0.83 
Glycine 5.83 6.84 8,60 8.60 
Alanine 2.14 2.75 1.77 1.64 
Taurine 0.95 1.04 0.52 0.64 
dtrulline 1.91 2.22 2.58 2.64 
Ornithine 0.99 1.23 0.75 0.62 
Urea 6.51 5.76 5.49 9.11 
Ammonia 0.97 0.89 1.01 0.97 
Values expressed as mg per 100 ml (mg JÈ). 
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Table 40. Amino acid analysis of standard solutions and of duplicate 
plasma or hydrolysate sangles 
Amino acid 
Standards Plasma Rydrolysates 
No. Recovery No. ® Dev,^ No,* Dev.^ 
55 
Isoleucine < 93.1 • 8 6,6 4 1.9 
Leucine 5 95.1 8 4.7 4 1.9 
Valine 6 99.7 8 4,6 4 1.6 
Threonine 7 98.2 6 4,7 3 3.1 
Methionine zp 102.3 8 28.4 4 3.8 
cystine 4 94,1 6 25.7 -
Phenylalanine 5 96,6 6 8,7 3 7.9 
Tyrosine 5 96,1 6 6,7 3 4,9 
lysine 2 98,0 3 2,2 5 3.6 
Histidine 2 89.8 2 5.0 4 4.8 
Arginine 2 97.0 2 7.4 4 6,5 
Aspartic add 7 97.5 6 17.7 2 3.1 
Serine 7 103.0 7 5.3 3 2.6 
(xLutamic acid 7 98.8 5 5.0 3 3.0 
Proline 7 96.0 6 7.9 3 1.9 
Alanine 5 97.2 8 4,6 3 3.6 
DAPA® 2 96.4 • 4 12.0 
Taurine 6 96.1 7 7.2 
Citrulline 7 90.8 7 6,8 
Ornithine 2 99.8 3 2.5 
Urea 2 89.0 6 6.8 
Ammonia 
- 1 1,2 2 1.8 
dumber of sançles duplicated. 
^Average per cent difference from the mean of duplicate samples. 
°Diaminppiiiiilic acid. 
